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ABSTRACT

Recent research has suggested that the reduction of entry regulation can promote firm entry and job
creation, but little is known about the quality of firms and jobs created through these reforms. To shed
light on this question, we employ data from Portugal, a country which implemented one of the most
dramatic and thorough policies of entry deregulation in the industrialized world. The impact of these
major changes can be traced with a matched employer-employee database that provides unusually
rich information on the quality of founders and employees associated with the new firms. Our assessment
indicates that the short term consequences of the reform were just as one would predict with a standard
economic model of entrepreneurship: The reform resulted in increased firm formation and employment,
but mostly among "marginal firms" that would have been most readily deterred by existing heavy
entry regulations. These marginal firms were typically small, owned by relatively poorly-educated
entrepreneurs, operating in the low-tech sector (agriculture, construction, and retail trade). These firms
were also less likely to survive their first two years than comparable firms that entered prior to the
reform. The social impact of entry deregulation may be limited by the quality of the firms it creates.
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❉♦ ❜✉r❞❡♥s♦♠❡ ❡♥tr② r❡q✉✐r❡♠❡♥ts ❤❛♠♣❡r t❤❡ ❝r❡❛t✐♦♥ ♦❢ ♥❡✇ ✜r♠s ❛♥❞ st❛♥❞ ✐♥ t❤❡
✇❛② ♦❢ ❡❝♦♥♦♠✐❝ ❣r♦✇t❤❄ ❚❤❡r❡ ❛r❡ s♦❧✐❞ t❤❡♦r❡t✐❝❛❧ r❡❛s♦♥s t♦ ❜❡❧✐❡✈❡ t❤❛t ❣♦✈❡r♥♠❡♥t✲
✐♠♣♦s❡❞ ✜①❡❞ ❝♦sts t♦ ✜r♠ ❢♦r♠❛t✐♦♥ ❞❡t❡r ❡♥tr❡♣r❡♥❡✉rs❤✐♣ ❛♥❞ r❡❞✉❝❡ ❧❛❜♦r ❞❡♠❛♥❞✳
❚✇♦ ✐♠♣♦rt❛♥t str❛♥❞s ♦❢ ❡♠♣✐r✐❝❛❧ ✇♦r❦ s✉❣❣❡st t❤❛t ❡①✐st✐♥❣ ❜❛rr✐❡rs ❤❛✈❡ ❡❝♦♥♦♠✐❝❛❧❧②
✐♠♣♦rt❛♥t ❡✛❡❝ts ✐♥ ♣r❛❝t✐❝❡✳

❖♥❡ s❡t ♦❢ ❛♥❛❧②s❡s ✐s ❜❛s❡❞ ♦♥ ❝r♦ss✲❝♦✉♥tr② ❝♦♠♣❛r✐s♦♥s✳ ❚❤❡s❡ ♣❛♣❡rs ❝♦♠♣❛r❡ ❝♦✉♥✲
tr✐❡s ✐♥ t❡r♠s ♦❢ t❤❡ str✐♥❣❡♥❝② ♦❢ ❡♥tr② r❡❣✉❧❛t✐♦♥✱ ❛♥❞ ❛s❦ ✐❢ t❤❛t ✈❛r✐❛t✐♦♥ ✐s ❝♦rr❡❧❛t❡❞ ✇✐t❤
♠❡❛s✉r❡s ♦❢ ❡❝♦♥♦♠✐❝ ♣❡r❢♦r♠❛♥❝❡✳ ❋♦r ✐♥st❛♥❝❡✱ ✐♥ ❛♥ ✐♥✢✉❡♥t✐❛❧ ♣❛♣❡r✱ ❉❥❛♥❦♦✈✱ ▲❛ P♦rt❛✱
▲♦♣❡③✲❉❡✲❙✐❧❛♥❡s ❛♥❞ ❙❤❧❡✐❢❡r ✭✷✵✵✷✮ ❡st❛❜❧✐s❤ t❤❛t t❤❡ ♦✣❝✐❛❧ ❝♦sts ♦❢ ❜✉s✐♥❡ss ❡♥tr② ❛r❡
❡①tr❡♠❡❧② ❤✐❣❤ ✐♥ ♠❛♥② ❝♦✉♥tr✐❡s✱ ❛♥❞ t❤❡② s❤♦✇ t❤❛t ♦♥❡r♦✉s ❡♥tr② r❡❣✉❧❛t✐♦♥ ✐s ❛ss♦❝✐❛t❡❞
✇✐t❤ ❤✐❣❤❡r ❝♦rr✉♣t✐♦♥ ❛♥❞ ❛ ❤✐❣❤❡r ❝♦♥❝❡♥tr❛t✐♦♥ ♦❢ ❛❝t✐✈✐t② ✐♥ t❤❡ ✐♥❢♦r♠❛❧ s❡❝t♦r✳ ❚❤❡②
✜♥❞ ♥♦ ❡✈✐❞❡♥❝❡ t♦ s✉❣❣❡st t❤❛t ❤✐❣❤ ❡♥tr② ❝♦sts ❝r❡❛t❡ ✈❛❧✉❡ t❤r♦✉❣❤ ✐♠♣r♦✈❡❞ q✉❛❧✐t② ♦❢
❡✐t❤❡r ♣✉❜❧✐❝❧② ♦r ♣r✐✈❛t❡❧② ♣r♦✈✐❞❡❞ ❣♦♦❞s✳ ▼❛♥② s✉❜s❡q✉❡♥t ♣❛♣❡rs ❤❛✈❡ ✉s❡❞ s✐♠✐❧❛r ❡♠✲
♣✐r✐❝❛❧ str❛t❡❣✐❡s t♦ ❡✈❛❧✉❛t❡ t❤❡ ✐♠♣❛❝t ♦❢ t❤❡ r❡❣✉❧❛t✐♦♥ ♦❢ ❜✉s✐♥❡ss ❡♥tr②✱ s✉❣❣❡st✐♥❣ t❤❛t
s✉❝❤ r❡❣✉❧❛t✐♦♥ ✐s ❛ss♦❝✐❛t❡❞ ✇✐t❤ r❡❞✉❝❡❞ ❥♦❜ ❝r❡❛t✐♦♥ ✭❈✐❝❝♦♥❡ ❛♥❞ P❛♣❛✐♦❛♥♥♦✉✱ ✷✵✵✼✮✱
❤✐❣❤❡r ✐♥❞✉str② ❝♦♥❝❡♥tr❛t✐♦♥ ✭❋✐s♠❛♥ ❛♥❞ ❙❛rr✐❛✲❆❧❧❡♥❞❡✱ ✷✵✵✹❀ ❑❧❛♣♣❡r ❡t ❛❧✳✱ ✷✵✵✻✮✱ ❛♥❞
r❡❞✉❝❡❞ ❡♥tr② ♦❢ ♥❡✇ ✜r♠s ✭❑❧❛♣♣❡r ❡t ❛❧✳✱ ✷✵✵✻❀ ❉r❡❤❡r ❛♥❞ ●❛ss❡❜♥❡r✱ ✷✵✵✼❀ ❈✐❝❝♦♥❡ ❛♥❞
P❛♣❛✐♦❛♥♥♦✉✱ ✷✵✵✼❀ ❇❥ør♥s❦♦✈ ❛♥❞ ❋♦ss✱ ✷✵✵✽✮✶✳

❖❢ ❝♦✉rs❡✱ ❡♠♣✐r✐❝❛❧ ✇♦r❦ t❤❛t r❡❧✐❡s ♦♥ ❝r♦ss✲♥❛t✐♦♥❛❧ ❝♦rr❡❧❛t✐♦♥s ❧❡❛✈❡s r❡s❡❛r❝❤❡rs ✇✐t❤
❛ ❞✐✣❝✉❧t ✐♥❢❡r❡♥❝❡ ♣r♦❜❧❡♠✖❛♥ ✐ss✉❡ t❤❛t r❡❝❡✐✈❡s ❛♥ ❡①t❡♥❞❡❞ ❛♥❞ ✐♥s✐❣❤t❢✉❧ ❞✐s❝✉ss✐♦♥ ✐♥
t❤❡ ♦r✐❣✐♥❛❧ ✇♦r❦ ♦❢ ❉❥❛♥❦♦✈ ❡t ❛❧✳ ✭✷✵✵✷✮✳ ❲❤✐❧❡ ✐t ✐s ✐♠♣♦rt❛♥t t♦ ❦♥♦✇ t❤❛t ❤❡❛✈② ❡♥tr②
r❡❣✉❧❛t✐♦♥ ✐s ❛ss♦❝✐❛t❡❞ ✇✐t❤ ♣♦♦r ❡❝♦♥♦♠✐❝ ♣❡r❢♦r♠❛♥❝❡ ✇✐t❤✐♥ ❝♦✉♥tr✐❡s✱ t❤❛t ❝♦rr❡❧❛t✐♦♥
❛❧♦♥❡ ✐s ♥♦t s✉✣❝✐❡♥t t♦ ❛ss❡ss t❤❡ ❧✐❦❡❧② ❝♦♥s❡q✉❡♥❝❡ ♦❢ r❡❣✉❧❛t✐♦♥ r❡❢♦r♠ ✐♥ ♣r❛❝t✐❝❡✳ ❆❢t❡r
❛❧❧✱ ❛s ❉❥❛♥❦♦✈ ❡t ❛❧✳ ✭✷✵✵✷✮ ❞❡♠♦♥str❛t❡✱ ❝♦✉♥tr✐❡s ✇✐t❤ ❤❡❛✈② ❡♥tr② r❡❣✉❧❛t✐♦♥ ❛❧s♦ ❛r❡ ❧❡ss
❧✐❦❡❧② t♦ ❤❛✈❡ ✏❣♦♦❞ ❣♦✈❡r♥♠❡♥t✑ ❛❧♦♥❣ ❛ ♥✉♠❜❡r ♦❢ ❞✐♠❡♥s✐♦♥s✳ ❖♥❡ ♠✐❣❤t ❜❡ ❝♦♥❝❡r♥❡❞✱ ❢♦r
✐♥st❛♥❝❡✱ t❤❛t ❡♥tr② r❡❣✉❧❛t✐♦♥ r❡❢♦r♠✱ ♦♥ ✐ts ♦✇♥✱ ✇♦✉❧❞ ❤❛✈❡ ❧✐♠✐t❡❞ s✉❝❝❡ss ✐♥ ❛ ❝♦✉♥tr②
✇✐t❤ ♦t❤❡r ❞❡❡♣ str✉❝t✉r❛❧ ❡❝♦♥♦♠✐❝ ❛♥❞ ♣♦❧✐t✐❝❛❧ ♣r♦❜❧❡♠s✳

❆s ❛♥ ❛❧t❡r♥❛t✐✈❡ t♦ ❝r♦ss✲❝♦✉♥tr② ❛♥❛❧②s❡s✱ ❛ s❡❝♦♥❞ ❝♦♠♣❧❡♠❡♥t❛r② ❧✐t❡r❛t✉r❡ s❡❡❦s t♦
❞✐r❡❝t❧② ❛ss❡ss t❤❡ ❝♦♥s❡q✉❡♥❝❡s ♦❢ ♣♦❧✐❝✐❡s t❤❛t r❡❞✉❝❡ ✜r♠ ❡♥tr② ❝♦sts ✉s✐♥❣ t✐♠❡✲✱ r❡❣✐♦♥✲
❛♥❞✴♦r ✐♥❞✉str②✲s♣❡❝✐✜❝ ✈❛r✐❛t✐♦♥ ✐♥ ❡♥tr② ❝♦sts ❝r❡❛t❡❞ ❜② ♣♦❧✐❝② ❝❤❛♥❣❡s ✇✐t❤✐♥ ♣❛rt✐❝✉❧❛r
❝♦✉♥tr✐❡s✳ ❇❡rtr❛♥❞ ❛♥❞ ❑r❛♠❛r③ ✭✷✵✵✷✮✱ ❢♦r ❡①❛♠♣❧❡✱ ❝❛r❡❢✉❧❧② ❡✈❛❧✉❛t❡ ❡♥tr② ❜❛rr✐❡rs
✐♥ ❋r❛♥❝❡✬s r❡t❛✐❧ ✐♥❞✉str②✳ ❚❤❛t ♣❛♣❡r ♣r❡s❡♥ts ❡✈✐❞❡♥❝❡ t❤❛t str♦♥❣❡r ❡♥tr② ❞❡t❡rr❡♥❝❡
✐♥❝r❡❛s❡❞ ✐♥❞✉str② ❝♦♥❝❡♥tr❛t✐♦♥ ❛♥❞ r❡❞✉❝❡❞ ❡♠♣❧♦②♠❡♥t ❣r♦✇t❤✳ ❆ s❡❝♦♥❞ ♣r♦♠✐♥❡♥t
❡①❛♠♣❧❡ ✐s t❤❡ ✇♦r❦ ❜② ❆❣❤✐♦♥ ❡t ❛❧✳ ✭✷✵✵✽✮✱ ✇❤✐❝❤ s❤♦✇s t❤❛t t❤❡ ❞✐s♠❛♥t❧✐♥❣ ♦❢ t❤❡ ▲✐❝❡♥s❡
❘❛❥ ✐♥ ■♥❞✐❛ ✭❛ s②st❡♠ ♦❢ ❝❡♥tr❛❧ ❝♦♥tr♦❧s t❤❛t r❡❣✉❧❛t❡❞ ❡♥tr② ❛♥❞ ♦✉t♣✉t ❡①♣❛♥s✐♦♥✮ r❡s✉❧t❡❞
✐♥ ✐♥❞✉str② ❣r♦✇t❤✱ ❜✉t ❞✐❞ s♦ ✐♥ ✇❛②s t❤❛t ✇❡r❡ t✐❡❞ t♦ ♦t❤❡r ❢❡❛t✉r❡s ♦❢ t❤❡ st❛t❡s ✐♥ ✇❤✐❝❤

✶▼♦r❡ ❣❡♥❡r❛❧❧②✱ t♦ ❞❛t❡ ♥❡❛r❧② ✷✵✵ ❛❝❛❞❡♠✐❝ ❛rt✐❝❧❡s ❤❛✈❡ ✉t✐❧✐③❡❞ ❡✐t❤❡r t❤❡ ♦r✐❣✐♥❛❧ ❉❥❛♥❦♦✈ ❡t ❛❧✳ ✭✷✵✵✷✮
❞❛t❛ s❡t ♦r ✉♣❞❛t❡❞ ✈❡rs✐♦♥s ♣✉❜❧✐s❤❡❞ ❜② t❤❡ ❲♦r❧❞ ❇❛♥❦✱ ❛s ♣❛rt ♦❢ t❤❡ ❲♦r❧❞ ❇❛♥❦✬s ❉♦✐♥❣ ❇✉s✐♥❡ss
Pr♦❥❡❝t✱ ✇❤✐❝❤ tr❛❝❦s r❡❣✉❧❛t♦r② r❡❢♦r♠s ✐♥ ✶✽✶ ❝♦✉♥tr✐❡s✳ ❚❤❡ ❲♦r❧❞ ❇❛♥❦ ✐♥❞✐❝❛t♦rs ❛r❡ ✇✐❞❡❧② ✉s❡❞✳ ❋♦r
❡①❛♠♣❧❡✱ t❤❡ ▼✐❧❧❡♥♥✐✉♠ ❈❤❛❧❧❡♥❣❡ ❈♦r♣♦r❛t✐♦♥✱ s❡t ✉♣ ❜② t❤❡ ❯♥✐t❡❞ ❙t❛t❡s t♦ ❝❤❛♥♥❡❧ ❛✐❞ t♦ ❞❡✈❡❧♦♣✐♥❣
❝♦✉♥tr✐❡s✱ ✉s❡s t❤❡s❡ ❛♥❞ s✐♠✐❧❛r ✐♥❞✐❝❛t♦rs t♦ s❝r❡❡♥ ❛♣♣❧✐❝❛♥ts ❢♦r ❯✳❙✳ ❞❡✈❡❧♦♣♠❡♥t ❛✐❞✳ ❉❥❛♥❦♦✈ ✭✷✵✵✾✮
♣r♦✈✐❞❡s ♠♦r❡ ❡①❛♠♣❧❡s ❛♥❞ ❞❡t❛✐❧s✳

✸



t❤❡ r❡❢♦r♠s ✇❡r❡ ♦❝❝✉rr✐♥❣✳✷

❖✉r ♣❛♣❡r ❝♦♥tr✐❜✉t❡s t♦ t❤✐s s❡❝♦♥❞ str❡❛♠ ♦❢ r❡s❡❛r❝❤ ❜② ❡✈❛❧✉❛t✐♥❣ t❤❡ ✐♠♣❛❝t ♦❢ ❡♥tr②
❞❡r❡❣✉❧❛t✐♦♥ ✐♥ P♦rt✉❣❛❧✳ Pr✐♦r t♦ ✷✵✵✺ t❤❡ ❜❛rr✐❡rs ❢❛❝✐♥❣ ❡♥tr❡♣r❡♥❡✉rs ✐♥ P♦rt✉❣❛❧ ✇❡r❡
❛♠♦♥❣ t❤❡ ❤✐❣❤❡st ✐♥ ❲❡st❡r♥ ❊✉r♦♣❡✱ ❛❝❝♦r❞✐♥❣ t♦ ❲♦r❧❞ ❇❛♥❦ ♠❡❛s✉r❡s✳ ■♥ ✷✵✵✺ P♦rt✉❣❛❧
✐♠♣❧❡♠❡♥t❡❞ t❤❡ ✏❖♥ t❤❡ ❙♣♦t ❋✐r♠✑ ♣r♦❣r❛♠ ✭❊♠♣r❡s❛ ♥❛ ❍♦r❛✮ ✇❤✐❝❤ ❡st❛❜❧✐s❤❡❞ ✏♦♥❡✲
st♦♣ s❤♦♣s✑ t❤❛t ♦✛❡r❡❞ ♣r♦s♣❡❝t✐✈❡ ❡♥tr❡♣r❡♥❡✉rs s✐❣♥✐✜❝❛♥t❧② r❡❞✉❝❡❞ ❛❞♠✐♥✐str❛t✐✈❡ ❢❡❡s✱
❛♥❞ s✐♠♣❧✐✜❡❞ ✐♥❝♦r♣♦r❛t✐♦♥ ♣r♦❝❡❞✉r❡s✳ ❚❤❡ r❡❢♦r♠ r❡❞✉❝❡❞ t❤❡ t✐♠❡ ❞❡❧❛② ♦❢ ❧❡❣❛❧ ✐♥❝♦r✲
♣♦r❛t✐♦♥ ❢r♦♠ s❡✈❡r❛❧ ♠♦♥t❤s t♦ ❛s ❧✐tt❧❡ ❛s ♦♥❡ ❤♦✉r✱ ❛♥❞ ❛❧s♦ r❡❞✉❝❡❞ ♠♦♥❡t❛r② ❢❡❡s t❤❛t
✐♥✐t✐❛❧❧② ✇❡r❡ ♦♥ t❤❡ ♦r❞❡r ♦❢ ✷✵✵✵ ❊✉r♦ t♦ ❧❡ss t❤❛♥ ✹✵✵ ❊✉r♦✳ ❖✈❡r t❤❡ ♥❡①t s❡✈❡r❛❧ ②❡❛rs✱
t❤❡s❡ ♦✣❝❡s ✇❡r❡ ♦♣❡♥❡❞ ❛❝r♦ss t❤❡ ❝♦✉♥tr②✳ ❆s ❛ ❝♦♥s❡q✉❡♥❝❡ ♦❢ t❤✐s r❡❢♦r♠✱ P♦rt✉❣❛❧✬s
r❛♥❦✐♥❣ ✐♥ t❤❡ ❲♦r❧❞ ❇❛♥❦✬s ✏❉♦✐♥❣ ❇✉s✐♥❡ss ■♥❞❡①✑ ♠♦✈❡❞ ❢r♦♠ ✶✶✸r❞ ♦✉t ♦❢ ✶✺✺ ❝♦✉♥tr✐❡s
t♦ ✸✸r❞✱ ❛♥❞ P♦rt✉❣❛❧ ✇❛s ❝✐t❡❞ ❜② t❤❡ ❲♦r❧❞ ❇❛♥❦ ❛s t❤❡ t♦♣ r❡❢♦r♠❡r ✐♥ ❜✉s✐♥❡ss ❡♥tr②
r❡❣✉❧❛t✐♦♥ ✐♥ ✷✵✵✺✴✷✵✵✻✳ P♦rt✉❣❛❧ t❤✉s ♣r♦✈✐❞❡s ❛♥ ❡①❝❡❧❧❡♥t ❝♦♥t❡①t ✐♥ ✇❤✐❝❤ t♦ ❡✈❛❧✉❛t❡
t❤❡ ✐♠♣❛❝t ♦❢ s✉❜st❛♥t✐❛❧ ❡♥tr② r❡❣✉❧❛t✐♦♥ r❡❢♦r♠✳ ❲❤❛t ❡✛❡❝t ❞✐❞ t❤✐s r❡❢♦r♠ ❤❛✈❡ ♦♥ ✜r♠
❛♥❞ ❥♦❜ ❝r❡❛t✐♦♥❄ ❲❤❛t t②♣❡s ♦❢ ❡♥tr❡♣r❡♥❡✉rs ❜❡♥❡✜t❡❞ ❢r♦♠ t❤✐s r❡❢♦r♠❄ ❍♦✇ ✇❡❧❧ ❞✐❞
❛♥② ♥❡✇ ✏♠❛r❣✐♥❛❧✑ ✜r♠ ❡♥tr❛♥ts ♣❡r❢♦r♠ ♦✈❡r t✐♠❡❄

❚♦ ❛♥s✇❡r ♦✉r ❦❡② q✉❡st✐♦♥s✱ ✇❡ ✉s❡ ♠✐❝r♦✲❧❡✈❡❧ ❞❛t❛ ❛♥❞ ❡①❛♠✐♥❡ t❤❡ ✐♠♣❧❡♠❡♥t❛t✐♦♥
♦❢ t❤❡ P♦rt✉❣✉❡s❡ ❜✉s✐♥❡ss r❡❣✐str❛t✐♦♥ r❡❢♦r♠ ✐♥ ❞✐✛❡r❡♥t ❝♦✉♥t✐❡s ❛t ❞✐✛❡r❡♥t t✐♠❡ ♣❡r✐♦❞s✳
❖✉r ❞❛t❛ ♣r♦✈✐❞❡ ❞❡t❛✐❧❡❞ ✐♥❢♦r♠❛t✐♦♥ ♦♥ t❤❡ ♥❡✇ ✜r♠s ❡st❛❜❧✐s❤❡❞ ✐♥ ❡❛❝❤ ❝♦✉♥t② ❜❡t✇❡❡♥
✷✵✵✵ ❛♥❞ ✷✵✵✽✳ ❋♦r ❡❛❝❤ ✜r♠✱ ✇❡ ✇❡r❡ ❛❜❧❡ t♦ ❣❛t❤❡r ✐♥❢♦r♠❛t✐♦♥ ♦♥ s✐③❡✱ ❢♦✉♥❞❡r ❝❤❛r❛❝✲
t❡r✐st✐❝s✱ ❛♥❞ ✜r♠ s✉r✈✐✈❛❧✳ ❚❤❡ ❢❛❝t t❤❛t ❛❞♦♣t✐♦♥ ♦❢ t❤❡ r❡❢♦r♠ ✈❛r✐❡❞ ❛❝r♦ss ❝♦✉♥t② ❛♥❞
t✐♠❡ ✐s ❤❡❧♣❢✉❧ ❢♦r ♦✉r ✐❞❡♥t✐✜❝❛t✐♦♥ str❛t❡❣②✳ ❚❤❡ r✐❝❤♥❡ss ♦❢ ♦✉r ❞❛t❛ ❛❧❧♦✇s ✉s t♦ ❝♦♠♣❛r❡
t❤❡ ❝❤❛r❛❝t❡r✐st✐❝s ♦❢ ♥❡✇ ✜r♠s ❝r❡❛t❡❞ ❜② t❤❡ r❡❢♦r♠ t♦ t❤♦s❡ t❤❛t ❡♠❡r❣❡❞ ♣r✐♦r t♦ ✐ts
✐♠♣❧❡♠❡♥t❛t✐♦♥✱ ♣r♦✈✐❞✐♥❣ ❛ ❞✐♠❡♥s✐♦♥ ♦❢ ❛♥❛❧②s✐s t❤❛t ❤❛s ❜❡❡♥ ♠✐ss✐♥❣ ✐♥ t❤❡ ♣r❡✈✐♦✉s
❧✐t❡r❛t✉r❡✳

❲❡ ✜♥❞ t❤❛t ✐♥ t❤❡ s❤♦rt r✉♥✱ t❤❡ P♦rt✉❣✉❡s❡ r❡❢♦r♠ ✐♥❝r❡❛s❡❞ t❤❡ ♥✉♠❜❡r ♦❢ ❜✉s✐✲
♥❡ss st❛rt✲✉♣s ❜② ❛♣♣r♦①✐♠❛t❡❧② ✶✼ ♣❡r❝❡♥t✱ ❛♥❞ ❝r❡❛t❡❞ ❛♣♣r♦①✐♠❛t❡❧② s❡✈❡♥ ♥❡✇ ❥♦❜s ♣❡r
✶✵✵✱✵✵✵ ❝♦✉♥t② ✐♥❤❛❜✐t❛♥ts ♣❡r ♠♦♥t❤ ✐♥ ❡❧✐❣✐❜❧❡ ✐♥❞✉str✐❡s✳ ❚❤❡r❡ ✐s ❡✈✐❞❡♥❝❡ t♦ s✉❣❣❡st
t❤❛t t❤❡ ✏♠❛r❣✐♥❛❧ ✜r♠s✑✖✜r♠s t❤❛t ❡♥t❡r❡❞ ❛s ❛ ❝♦♥s❡q✉❡♥❝❡ ♦❢ r❡❞✉❝❡❞ ❡♥tr② ❝♦sts✖✇❡r❡
♦♣❡r❛t❡❞ ❜② ♣r♦♣r✐❡t♦rs ✇❤♦ ✇❡r❡ ❞✐s♣r♦♣♦rt✐♦♥❛t❡❧② ♦❧❞❡r✱ ♠♦r❡ ❢❡♠❛❧❡✱ ❛♥❞ ❧❡ss ❡❞✉❝❛t❡❞
t❤❛♥ ♣r♦♣r✐❡t♦rs ♦❢ ✐♥❢r❛✲♠❛r❣✐♥❛❧ ✜r♠s✳ ❚❤❡ ♠❛r❣✐♥❛❧ ✜r♠s ✇❡r❡ t②♣✐❝❛❧❧② ❧♦✇✲t❡❝❤✱ ❡✳❣✳✱
✐♥ t❤❡ ❛❣r✐❝✉❧t✉r❛❧✱ r❡t❛✐❧ tr❛❞❡✱ ❛♥❞ ❝♦♥str✉❝t✐♦♥ ✐♥❞✉str✐❡s✳ ❲❡ ❛❧s♦ ✜♥❞ t❤❛t st❛rt✲✉♣s
❡st❛❜❧✐s❤❡❞ ❛❢t❡r t❤❡ ♣r♦❣r❛♠ ❛r❡ s♠❛❧❧❡r ❛♥❞ ❧❡ss ❧✐❦❡❧② t♦ s✉r✈✐✈❡ ✐♥ t❤❡ ✜rst t✇♦ ②❡❛rs
t❤❛♥ ✜r♠s ❢♦✉♥❞❡❞ ✐♥ t❤❡ ❛❜s❡♥❝❡ ♦❢ t❤❡ ♣r♦❣r❛♠✳ ❚❛❦❡♥ t♦❣❡t❤❡r✱ t❤❡s❡ r❡s✉❧ts s✉❣❣❡st
t❤❛t ❡♥tr② ❞❡r❡❣✉❧❛t✐♦♥ ❤❛s ❤❛❞ ❛ ♠♦❞❡st ♣♦s✐t✐✈❡ ✐♠♣❛❝t ♦♥ ✜r♠ ❛♥❞ ❥♦❜ ❝r❡❛t✐♦♥ ✐♥ P♦rt✉✲
❣❛❧✳ ❚❤❡ ❜❛rr✐❡rs t❤❛t ❡①✐st❡❞ ♣r✐♦r t♦ ❞❡r❡❣✉❧❛t✐♦♥ ✇❡r❡ ❛ s✐❣♥✐✜❝❛♥t ✐♠♣❡❞✐♠❡♥t ❢♦r s♦♠❡
❡♥tr❡♣r❡♥❡✉rs✱ ❜✉t ❧❡ss ♦❢ ❛♥ ✐♠♣❡❞✐♠❡♥t t♦ t❤❡ ❧❛r❣❡r✱ ❤✐❣❤✲q✉❛❧✐t② ✜r♠s t❤❛t ❛r❡ ♠♦st
❧✐❦❡❧② t♦ ❝r❡❛t❡ s✉❜st❛♥t✐❛❧ ❡❝♦♥♦♠✐❝ ❣r♦✇t❤✳ ❚❤❡s❡ ❧❡ss♦♥s ❛r❡ ❧✐❦❡❧② t♦ ❡①t❡♥❞ ❜❡②♦♥❞ t❤❡
P♦rt✉❣✉❡s❡ ❝♦♥t❡①t ♦❢ t❤✐s st✉❞②✱ ❛♥❞ s✉❣❣❡st t❤❛t t❤❡ ✉❧t✐♠❛t❡ ✐♠♣❛❝t ♦❢ ❜✉s✐♥❡ss ❡♥tr②
❞❡r❡❣✉❧❛t✐♦♥ ♠❛② ❢❛❧❧ s♦♠❡✇❤❛t s❤♦rt ♦❢ ❝✉rr❡♥t ❡①♣❡❝t❛t✐♦♥s✳

✷❙❡❡ ❛❧s♦ ❈❤❛r✐ ✭✷✵✵✼✮ ♦♥ t❤❡ ▲✐❝❡♥s❡ ❘❛❥✳ ❖t❤❡r r❡❧❡✈❛♥t ❡①❛♠♣❧❡s ✐♥❝❧✉❞❡ ❛♥❛❧②s❡s ♦❢ ❘✉ss✐❛♥ r❡❢♦r♠
✭❨❛❦♦✈❧❡✈ ❛♥❞ ❩❤✉r❛✈s❦❛②❛✱ ✷✵✵✼✮ ❛♥❞ ❡♥tr② r❡❣✉❧❛t✐♦♥ r❡❢♦r♠ ✐♥ ▼❡①✐❝♦ ✭❑❛♣❧❛♥ ❡t ❛❧✳✱ ✷✵✵✾❀ ❇r✉❤♥✱ ✷✵✵✽✮
❛♥❞ ❇r❛③✐❧ ✭▼♦♥t❡✐r♦ ❛♥❞ ❆ss✉♥çã♦✱ ✷✵✵✻✮✳

✹



❚❤❡ r❡♠❛✐♥❞❡r ♦❢ t❤✐s ♣❛♣❡r ✐s str✉❝t✉r❡❞ ❛s ❢♦❧❧♦✇s✳ ■♥ s❡❝t✐♦♥ ✷✱ ✇❡ ♣r♦✈✐❞❡ ❛ ❜r✐❡❢
♦✈❡r✈✐❡✇ ♦❢ t❤❡ ❧✐t❡r❛t✉r❡ ♦♥ ❡♥tr② r❡❣✉❧❛t✐♦♥✳ ❙❡❝t✐♦♥ ✸ ❞❡✈❡❧♦♣s ❛ s✐♠♣❧❡ ♠♦❞❡❧ ❢♦r t❤❡
♣✉r♣♦s❡ ♦❢ ❤✐❣❤❧✐❣❤t✐♥❣ ❡①♣❡❝t❡❞ t❤❡ ❡✛❡❝ts ♦❢ ❡♥tr② ❞❡r❡❣✉❧❛t✐♦♥ ♦♥ ❡♥tr❡♣r❡♥❡✉r✐❛❧ ♦✉t✲
❝♦♠❡s✳ ❙❡❝t✐♦♥ ✹ ❞❡s❝r✐❜❡s t❤❡ P♦rt✉❣✉❡s❡ ❜✉s✐♥❡ss s✐♠♣❧✐✜❝❛t✐♦♥ r❡❢♦r♠ ✐♥ ❢✉rt❤❡r ❞❡t❛✐❧✳ ❆
❞❡s❝r✐♣t✐♦♥ ♦❢ t❤❡ ❞❛t❛ ❢♦❧❧♦✇s ✐♥ s❡❝t✐♦♥ ✺✳ ■♥ s❡❝t✐♦♥ ✻✱ ✇❡ ♣r❡s❡♥t t❤❡ ❡♠♣✐r✐❝❛❧ str❛t❡❣②✱
r❡s✉❧ts ❛♥❞ r♦❜✉st♥❡ss ❝❤❡❝❦s✳ ❙❡❝t✐♦♥ ✼ ❝♦♥❝❧✉❞❡s✳

✷ ❊♥tr② ❘❡❣✉❧❛t✐♦♥✿ ❚❤❡♦r② ❛♥❞ ❊①✐st✐♥❣ ❊✈✐❞❡♥❝❡

❚✇♦ ❝♦♥tr❛st✐♥❣ t❤❡♦r❡t✐❝❛❧ ✈✐❡✇s ♦❢ ❡♥tr② r❡❣✉❧❛t✐♦♥ ❤❛✈❡ ❧♦♥❣ ❜❡❡♥ ❞❡❜❛t❡❞✿ ✏♣✉❜❧✐❝ ❝❤♦✐❝❡✑
❛♥❞ ✏♣✉❜❧✐❝ ✐♥t❡r❡st✑ t❤❡♦r✐❡s✳ ❚❤❡ ✜rst r❡❣❛r❞s r❡❣✉❧❛t✐♦♥ ❛s s♦❝✐❛❧❧② ✐♥❡✣❝✐❡♥t✱ ❛♥❞ ❛s ❛
♠❡❝❤❛♥✐s♠ t♦ ❝r❡❛t❡ ❛♥❞ ❡①tr❛❝t r❡♥ts✳ ❚❤✐s ✈✐❡✇ ❤♦❧❞s t❤❛t r❡❣✉❧❛t✐♦♥ ❡✐t❤❡r ❜❡♥❡✜ts
❜✉r❡❛✉❝r❛ts ❛♥❞ ♣♦❧✐t✐❝✐❛♥s ❜② ❝♦❧❧❡❝t✐♥❣ ❜r✐❜❡s ❢r♦♠ ❡♥tr❛♥ts ✭❉❡ ❙♦t♦✱ ✶✾✽✾✮ ♦r ❜❡♥❡✜ts
✐♥❝✉♠❜❡♥t ✜r♠s ❜② ❞❡t❡rr✐♥❣ t❤❡ ❝♦♠♣❡t✐t✐♦♥ ♦❢ ♣♦t❡♥t✐❛❧ ❡♥tr❛♥ts ✭P♦s♥❡r✱ ✶✾✼✺❀ P❡❧t③♠❛♥✱
✶✾✼✻❀ ❙t✐❣❧❡r✱ ✶✾✼✶✮✳ ■♥ ❝♦♥tr❛st✱ ♣✉❜❧✐❝ ✐♥t❡r❡st t❤❡♦r② ♣r♦✈✐❞❡s ❛ ♣♦t❡♥t✐❛❧ r❛t✐♦♥❛❧❡ ❢♦r
❡♥tr② ❜❛rr✐❡rs✿ r❡❣✉❧❛t✐♦♥ ♠✐❣❤t ❤❡❧♣ ❝♦rr❡❝t ♠❛r❦❡t ❢❛✐❧✉r❡s ❛♥❞ ❛❝❤✐❡✈❡ s♦❝✐❛❧❧② s✉♣❡r✐♦r
♦✉t❝♦♠❡s ✭P✐❣♦✉✱ ✶✾✸✽✮✱ ❢♦r ❡①❛♠♣❧❡✱ s❝r❡❡♥ ♥❡✇ ✜r♠s✱ t❤❡r❡❜② r❡❞✉❝✐♥❣ ❧♦✇✲q✉❛❧✐t② ♣r♦❞✉❝ts
♦r ❞❛♠❛❣✐♥❣ ❡①t❡r♥❛❧✐t✐❡s✳

❘❡❝❡♥t ❡♠♣✐r✐❝❛❧ ❡✈✐❞❡♥❝❡ ❞♦❡s ♥♦t ❛♣♣❡❛r t♦ sq✉❛r❡ ✇✐t❤ ♣✉❜❧✐❝ ✐♥t❡r❡st t❤❡♦r②✳ ▼❛♥②
♣❛♣❡rs✱ s♦♠❡ ♦❢ ✇❤✐❝❤ ✇❡ ❤❛✈❡ ❝✐t❡❞ ❛❜♦✈❡✱ s✉❣❣❡st t❤❛t ❡♥tr② r❡❣✉❧❛t✐♦♥ ✐♥❞❡❡❞ ❤❛s t❤❡ ❡①✲
♣❡❝t❡❞ ✜rst✲♦r❞❡r ❡✛❡❝t ♦❢ r❡❞✉❝✐♥❣ ✜r♠ ❡♥tr② ❛♥❞ ❛✛❡❝t✐♥❣ t❤❡ ♠❛r❦❡t str✉❝t✉r❡✳✸ ❉❥❛♥❦♦✈
✭✷✵✵✽✮✱ ❛♠♦♥❣ ♦t❤❡rs✱ ❛r❣✉❡ t❤❛t t❤❡ ♠❛✐♥ ❜❡♥❡✜❝✐❛r✐❡s ♦❢ ❝♦♠♣❧❡① ❡♥tr② r❡❣✉❧❛t✐♦♥ ❛r❡
♦❢t❡♥ ✐♥❝✉♠❜❡♥t ✜r♠s✱ ✇❤✐❝❤ s❡❡ t❤❡✐r r❡♥ts ❛♥❞ ❝♦♠♣❡t✐t✐✈❡ ♣♦s✐t✐♦♥ ♣r♦t❡❝t❡❞ ❜② ❜✉r❞❡♥✲
s♦♠❡ ❡♥tr② r❡q✉✐r❡♠❡♥ts✳ ❈♦♥s✐❞❡r❛❜❧❡ ❡✛♦rt ❤❛s ❛❧s♦ ❜❡❡♥ ❞❡✈♦t❡❞ t♦ st✉❞②✐♥❣ t❤❡ ❧✐♥❦
❜❡t✇❡❡♥ r❡❣✉❧❛t✐♦♥ ❛♥❞ ♠❛❝r♦✲❡❝♦♥♦♠✐❝ ♦✉t❝♦♠❡s s✉❝❤ ❛s ❡♠♣❧♦②♠❡♥t✱ ♣r♦❞✉❝t✐✈✐t② ❛♥❞
❣r♦✇t❤ ✭❇❡rtr❛♥❞ ❛♥❞ ❑r❛♠❛r③✱ ✷✵✵✷❀ ❆❧❡s✐♥❛ ❡t ❛❧✳✱ ✷✵✵✺❀ ❉❥❛♥❦♦✈ ❡t ❛❧✳✱ ✷✵✵✻❀ ❨❛❦♦✈❧❡✈
❛♥❞ ❩❤✉r❛✈s❦❛②❛✱ ✷✵✵✼❀ ❈❤❛r✐✱ ✷✵✵✼❀ ❑❛♣❧❛♥ ❡t ❛❧✳✱ ✷✵✵✾❀ ❆❣❤✐♦♥ ❡t ❛❧✳✱ ✷✵✵✽❀ ❇❛rs❡❣❤②❛♥✱
✷✵✵✽❀ ❇r✉❤♥✱ ✷✵✵✽✮✳ ❙tr✐❝t❡r r❡❣✉❧❛t✐♦♥ ✐s ❧✐♥❦❡❞ t♦ s❧♦✇❡r ❣r♦✇t❤✱ ❧❡ss❡♥❡❞ ♣r♦❞✉❝t✐✈✐t②✱
✐♥❤✐❜✐t❡❞ ✐♥✈❡st♠❡♥t ❛♥❞ ❞❡❝r❡❛s❡❞ ❡♠♣❧♦②♠❡♥t ✭♣❛rt✐❝✉❧❛r❧② ✐♥ ❤✐❣❤✲s❦✐❧❧❡❞ ❥♦❜s✱ ❛❝❝♦r❞✐♥❣
t♦ ❇❛rs❡❣❤②❛♥ ✭✷✵✵✽✮✮✳ ❙♦♠❡ ❡✈✐❞❡♥❝❡ s✉❣❣❡sts t❤❛t ❡♥tr② r❡❣✉❧❛t✐♦♥ ✐♥❞✉❝❡s ❜✉s✐♥❡ss t♦
♦♣❡r❛t❡ ✐♥ t❤❡ ✐♥❢♦r♠❛❧ s❡❝t♦r ✭❉❥❛♥❦♦✈ ❡t ❛❧✳✱ ✷✵✵✷❀ ▼♦♥t❡✐r♦ ❛♥❞ ❆ss✉♥çã♦✱ ✷✵✵✻✮✳

■♥ ❛♥ ❡✛♦rt t♦ t❛❦❡ s❡r✐♦✉s❧② t❤❡ ❝♦♥❝❡r♥s r❛✐s❡❞ ❜② ♣✉❜❧✐❝ ✐♥t❡r❡st t❤❡♦r②✱ s♦♠❡ ✇♦r❦
❢♦❝✉s❡s ♦♥ t❤❡ ✐♠♣❛❝t ♦❢ r❡❣✉❧❛t✐♦♥ ♦♥ ♠❛r❦❡t ❢❛✐❧✉r❡s s✉❝❤ ❛s s✉❜✲st❛♥❞❛r❞ ♣r♦❞✉❝t q✉❛❧✐t②✱
♣♦❧❧✉t✐♦♥ ♦r ♣✉❜❧✐❝ ❤❡❛❧t❤ ✭❉❥❛♥❦♦✈ ❡t ❛❧✳✱ ✷✵✵✷❀ ❨❛❦♦✈❧❡✈ ❛♥❞ ❩❤✉r❛✈s❦❛②❛✱ ✷✵✵✼❀ ❇r✉❤♥✱
✷✵✵✽✮✳ ▼♦st ✇♦r❦ ❛❧♦♥❣ t❤❡s❡ ❧✐♥❡s ✜♥❞s ♥♦ ❡✈✐❞❡♥❝❡ ♦❢ ❜❡♥❡✜❝✐❛❧ ❡✛❡❝ts ♦❢ ❡♥tr② r❡❣✉❧❛t✐♦♥✳

❆s ✇❡ ❤❛✈❡ ♠❡♥t✐♦♥❡❞✱ ♠✉❝❤ ♦❢ t❤❡ ❡①✐st✐♥❣ ✇♦r❦ r❡❧✐❡s ♦♥ ❝r♦ss✲♥❛t✐♦♥❛❧ ✈❛r✐❛t✐♦♥✳
❈❛✉s❛❧ ✐♥❢❡r❡♥❝❡ ❤❡r❡ ✐s ❞✐✣❝✉❧t✳ ❋♦r ❡①❛♠♣❧❡✱ ❣♦✈❡r♥♠❡♥ts ♠✐❣❤t r❡❣✉❧❛t❡ ♠♦r❡ ❤❡❛✈✐❧②
✐♥ ❝♦✉♥tr✐❡s ✇❤❡r❡ t❤❡r❡ ❛r❡ ♠♦r❡ ♠❛r❦❡t ❢❛✐❧✉r❡s✱ ♦r r❡❣✉❧❛t♦rs ♠✐❣❤t ❢♦❝✉s ❡✛♦rt ♦♥ r❡♥t
❡①tr❛❝t✐♦♥ ✐♥ ❝♦✉♥tr✐❡s ✇❤❡r❡ s✉❝❤ ❡①tr❛❝t✐♦♥ ✐s ♠❛❞❡ ♣♦ss✐❜❧❡ ❜② ♦t❤❡r str✉❝t✉r❛❧ ❞❡✜❝✐ts
✐♥ ❣♦✈❡r♥❛♥❝❡✳ ❖♠✐tt❡❞ ✈❛r✐❛❜❧❡s ❝❛♥ ❥♦✐♥t❧② ❞r✐✈❡ ❡❝♦♥♦♠✐❝ ♦✉t❝♦♠❡s ❛♥❞ r❡❣✉❧❛t✐♦♥✳ ❖♥❡

✸❙❡❡✱ ❡✳❣✳✱ ❉❥❛♥❦♦✈ ❡t ❛❧✳ ✭✷✵✵✷✮❀ ❇❡rtr❛♥❞ ❛♥❞ ❑r❛♠❛r③ ✭✷✵✵✷✮❀ ❋✐s♠❛♥ ❛♥❞ ❙❛rr✐❛✲❆❧❧❡♥❞❡ ✭✷✵✵✹✮❀
❑❧❛♣♣❡r ❡t ❛❧✳ ✭✷✵✵✻✮❀ ❈✐❝❝♦♥❡ ❛♥❞ P❛♣❛✐♦❛♥♥♦✉ ✭✷✵✵✼✮✳

✺



♣♦t❡♥t✐❛❧ ♣❛t❤ ✐s t♦ s❡❛r❝❤ ❢♦r ✐♥str✉♠❡♥ts t❤❛t ❞r✐✈❡ r❡❣✉❧❛t✐♦♥ ❞❡❝✐s✐♦♥s✱✹ ♦r t♦ ❞r❛✇ ❧❡ss♦♥s
❢r♦♠ s✉❝❤ s♣❡❝✐✜❝ q✉❛s✐✲❡①♣❡r✐♠❡♥ts ❛s ●❡r♠❛♥ r❡✉♥✐✜❝❛t✐♦♥ ✭Pr❛♥t❧ ❛♥❞ ❙♣✐t③✲❖❡♥❡r✱ ✷✵✵✾✮
♦r r❡❢♦r♠ ✐♥ ❘✉ss✐❛ ✭❨❛❦♦✈❧❡✈ ❛♥❞ ❩❤✉r❛✈s❦❛②❛✱ ✷✵✵✼✮✳

❲❤✐❧❡ ✉s❡❢✉❧✱ t❤❡s❡ ❛♣♣r♦❛❝❤❡s ❛r❡ ♥♦t ❛ s✉❜st✐t✉t❡ ❢♦r ❡♠♣✐r✐❝❛❧ ❡✈❛❧✉❛t✐♦♥s ♦❢ ❛❝t✉❛❧
♣♦❧✐❝② s❤✐❢ts t❤❛t ❝❤❛♥❣❡ ❡♥tr② r❡❣✉❧❛t✐♦♥✳ ❚❤❡r❡ ❛r❡ t✇♦ r❡❛s♦♥s ✇❤② ♦✉r ❡①❛♠✐♥❛t✐♦♥ ♦❢
t❤❡ P♦rt✉❣✉❡s❡ ♣♦❧✐❝② s❤✐❢t ❤♦❧❞s ♣❛rt✐❝✉❧❛r ♣r♦♠✐s❡✳ ❋✐rst✱ t❤❡ ♣♦❧✐❝② s❤✐❢t ✇❛s q✉✐t❡ s✐♠♣❧❡
❛♥❞✱ ❛s ✇❡ ❞✐s❝✉ss ❜❡❧♦✇✱ ❞r❛♠❛t✐❝✳ ❙❡❝♦♥❞✱ ✇❡ ❤❛✈❡ ❛❝❝❡ss t♦ ❡①tr❛♦r❞✐♥❛r② ♣❛♥❡❧ ❞❛t❛ ♦♥
✜r♠s✱ t❤❡✐r ❡♠♣❧♦②❡❡s✱ ❛♥❞ t❤❡✐r ❢♦✉♥❞❡rs✳ ❚❤✉s✱ ✐♥ ❝♦♠♣❛r✐s♦♥ t♦ t❤❡ ❡①t❛♥t ❧✐t❡r❛t✉r❡✱ ✇❡
❛r❡ ❛❜❧❡ t♦ ❡✈❛❧✉❛t❡ t❤❡ ✐♠♣❛❝t ♦♥ ✜r♠ ❡♥tr② ❛♥❞ ❥♦❜ ❣r♦✇t❤✱ ❛♥❞ ❛❧s♦ t❤❡ ❦✐♥❞s ♦❢ st❛rt✲✉♣s
❛♥❞ ❡♥tr❡♣r❡♥❡✉rs t❤❛t ❛♣♣❡❛r❡❞ t♦ ❜❡♥❡✜t ❢r♦♠ ❞❡r❡❣✉❧❛t✐♦♥✳ Pr❡✈✐♦✉s ❡♠♣✐r✐❝❛❧ ✇♦r❦ ❤❛s
s✉❣❣❡st❡❞ t❤❛t ❡♥tr② r❡❣✉❧❛t✐♦♥ r❡s✉❧ts ✐♥ ✐♥❝r❡❛s❡❞ ✜r♠ s✐③❡ ✭❉❡s❛✐ ❡t ❛❧✳✱ ✷✵✵✸❀ ❋✐s♠❛♥ ❛♥❞
❙❛rr✐❛✲❆❧❧❡♥❞❡✱ ✷✵✵✹❀ ❑❧❛♣♣❡r ❡t ❛❧✳✱ ✷✵✵✻✮✳ ❇❡②♦♥❞ t❤❛t✱ ❧✐tt❧❡ ✐s ❦♥♦✇♥ ❛❜♦✉t t❤❡ ♥❛t✉r❡
❛♥❞ q✉❛❧✐t② ♦❢ t❤❡ ✜r♠s t❤❛t ❝❛♥ ❜❡ ❡①♣❡❝t❡❞ t♦ ❡♥t❡r ✇❤❡♥ ❣♦✈❡r♥♠❡♥ts ❛❞♦♣t ❞❡r❡❣✉❧❛t✐♦♥✳
❚❤✐s ✐s ❛ s✐❣♥✐✜❝❛♥t ❣❛♣ ✐♥ t❤❡ ❧✐t❡r❛t✉r❡ ❜❡❝❛✉s❡ t❤❡ s♦❝✐❛❧ ✐♠♣❛❝t ♦❢ ❞❡r❡❣✉❧❛t✐♦♥ ✇✐❧❧ ❜❡ ❛
❢✉♥❝t✐♦♥ ♥♦t ♦♥❧② ♦❢ t❤❡ ♥✉♠❜❡r ♦❢ ♥❡✇ ✜r♠s ❜r♦✉❣❤t ✐♥t♦ t❤❡ ♠❛r❦❡t✱ ❜✉t ❛❧s♦ t❤❡✐r q✉❛❧✐t②✱
s✐③❡✱ ♣❡r❢♦r♠❛♥❝❡✱ ❛♥❞ ❧♦♥❣❡✈✐t②✳

✸ ❆ ❙✐♠♣❧❡ ▼♦❞❡❧

❚♦ ✜① ✐❞❡❛s✱ ❛♥❞ s❡t t❤❡ st❛❣❡ ❢♦r t❤❡ ❡♠♣✐r✐❝❛❧ ❛♥❛❧②s✐s t❤❛t ❢♦❧❧♦✇s✱ ✇❡ ❞❡✈❡❧♦♣ ❛ s✐♠♣❧❡
♠♦❞❡❧ ❤❡r❡ t❤❛t ❞r❛✇s ♦♥ t❤❡ ❧♦❣✐❝ ❣✐✈❡♥ ✐♥ t❤❡ s❡♠✐♥❛❧ ✇♦r❦ ♦❢ ▲✉❝❛s ✭✶✾✼✽✮✳

❲❡ ❡✈❛❧✉❛t❡ ❛♥ ❡❝♦♥♦♠② ✐♥ ✇❤✐❝❤ ❛❣❡♥ts ❝❛♥ ❝❤♦♦s❡ ❜❡t✇❡❡♥ t❤r❡❡ ♦♣t✐♦♥s ✐♥ ❡❛❝❤
♣❡r✐♦❞✿ ✭✐✮ ❤♦♠❡ ♣r♦❞✉❝t✐♦♥ ✭♦r ❧❡✐s✉r❡✮✱ ✇❤✐❝❤ ♣r♦✈✐❞❡s ♠♦♥❡t✐③❡❞ ✉t✐❧✐t② w✱ ✭✐✐✮ s✉♣♣❧②✐♥❣
♦♥❡ ✉♥✐t ✇♦r❦ ✐♥ ❛ ❝♦♠♣❡t✐t✐✈❡ ❧❛❜♦r ♠❛r❦❡t✱ ♦r ✭✐✐✐✮ ❜❡❝♦♠✐♥❣ ❛♥ ❡♥tr❡♣r❡♥❡✉r ❛♥❞ ❤✐r✐♥❣
♦t❤❡r ❛❣❡♥ts✳ ■♥ ❡q✉✐❧✐❜r✐✉♠✱ ❛❣❡♥ts ❛r❡ ✐♥❞✐✛❡r❡♥t ❜❡t✇❡❡♥ t❤❡ ✜rst t✇♦ ♣♦ss✐❜✐❧✐t✐❡s✱ ❛♥❞
✇❡ ❛ss✉♠❡ t❤❛t t❤❡r❡ ❛r❡ s♦♠❡ ❛❣❡♥ts ✐♥ ❡❛❝❤ ♦❢ t❤❡ t✇♦ ♣♦ss✐❜❧❡ ❝❛t❡❣♦r✐❡s✳ ❙♦ t♦ ✐♥❞✉❝❡
❛❣❡♥ts t♦ s✉♣♣❧② ❧❛❜♦r✱ t❤❡ ❧❛❜♦r ♠❛r❦❡t ♠✉st ♣❛② ✇❛❣❡ w✳✺ ❆❣❡♥ts ♣✉rs✉❡ ❡♥tr❡♣r❡♥❡✉rs❤✐♣
✇❤❡♥ t❤❡ ❡①♣❡❝t❡❞ r❡✇❛r❞s ❡q✉❛❧ ♦r ❡①❝❡❡❞ w✳

❲❡ ❛ss✉♠❡✱ ❛s ❞♦❡s ▲✉❝❛s ✭✶✾✼✽✮✱ t❤❛t ♦✉r ❡❝♦♥♦♠② ✐s ♣♦♣✉❧❛t❡❞ ❜② ✐♥❞✐✈✐❞✉❛❧s ✇❤♦ ❤❛✈❡
✐❞❡♥t✐❝❛❧ ❛❜✐❧✐t✐❡s ❛s ✇♦r❦❡rs✱ ❜✉t ✇❤♦ ❛r❡ ❡♥❞♦✇❡❞ ✇✐t❤ ❞✐✛❡r❡♥t ❧❡✈❡❧s ♦❢ ❡♥tr❡♣r❡♥❡✉r✐❛❧
❛❜✐❧✐t②✱ θ✱ ❞r❛✇♥ ❢r♦♠ ❛ ❝♦♥t✐♥✉♦✉s ♣r♦❜❛❜✐❧✐t② ❞✐str✐❜✉t✐♦♥ g(θ), ✇✐t❤ s✉♣♣♦rt [θl, θu]✳ ❊♥✲
tr❡♣r❡♥❡✉r✐❛❧ ❛❜✐❧✐t② ✐s ❛ ✉♥✐q✉❡ s❝❛r❝❡ r❡s♦✉r❝❡ ✭❛s ✐♥ ❙❝❤✉♠♣❡t❡r ✭✶✾✸✹✮✮✱ ✇❤✐❝❤ ❛❧❧♦✇s
✐♥❞✐✈✐❞✉❛❧s t♦ ❝r❡❛t❡ ❛♥❞ ♠❛♥❛❣❡ ✜r♠s ❡✛❡❝t✐✈❡❧②✳

❚♦ ♠❛❦❡ ♠❛tt❡rs ✐♥t❡r❡st✐♥❣✱ ✇❡ ✐♥tr♦❞✉❝❡ ❛ ❞②♥❛♠✐❝ ❡❧❡♠❡♥t ❜② ❛❧❧♦✇✐♥❣ ❛❣❡♥ts t♦ ❧✐✈❡
❢♦r t✇♦ ♣❡r✐♦❞s✳ ■♥ t❤❡ ✜rst ♣❡r✐♦❞✱ ❛♥ ❛❣❡♥t ✇✐t❤ ❡♥❞♦✇♠❡♥t θ ❝❛♥ ❝❤♦♦s❡ ❤♦♠❡ ♣r♦❞✉❝t✐♦♥

✹❋♦r ❡①❛♠♣❧❡✱ ❛ ❝♦✉♥tr②✬s ❧❡❣❛❧ ❛♥❞ ♣♦❧✐t✐❝❛❧ ♦r✐❣✐♥ ✐s ♦❢t❡♥ tr❡❛t❡❞ ❛s ❛♥ ✐♥str✉♠❡♥t ✐♥ t❤✐s ❧✐t❡r❛t✉r❡
✭❋✐s♠❛♥ ❛♥❞ ❙❛rr✐❛✲❆❧❧❡♥❞❡✱ ✷✵✵✹❀ ❉❥❛♥❦♦✈ ❡t ❛❧✳✱ ✷✵✵✻❀ ❉✉❧❧❡❝❦ ❡t ❛❧✳✱ ✷✵✵✻❀ ❇❛rs❡❣❤②❛♥✱ ✷✵✵✽✮✳

✺❖✉r ❛ss✉♠♣t✐♦♥s ✐♠♣❧② t❤❛t ❧❛❜♦r s✉♣♣❧② ✐s ♣❡r❢❡❝t❧② ❡❧❛st✐❝✳ ❚❤✐s ✐s ❛ ♣❛rt✐❝✉❧❛r❧② tr❛♥s♣❛r❡♥t ❝❛s❡ ❢♦r
❛♥❛❧②s✐s✳ ❲❡ ♠✐❣❤t ❛❧t❡r♥❛t✐✈❡❧② ❤❛✈❡ ❝❤♦s❡♥ t♦ ❛♥❛❧②③❡ t❤❡ ❡q✉❛❧❧② tr❛♥s♣❛r❡♥t ❝❛s❡ ♦❢ ♣❡r❢❡❝t❧② ✐♥❡❧❛st✐❝
❧❛❜♦r s✉♣♣❧②✱ ❛s ❞♦❡s ▲✉❝❛s ✭✶✾✼✽✮ ❍♦✇❡✈❡r✱ t❤❛t ❝❛s❡ r✉❧❡s ♦✉t ✭❜② ❛ss✉♠♣t✐♦♥✮ ❛♥ ✐♥t❡r❡st✐♥❣ q✉❡st✐♦♥
✇❡ ✇❛♥t t♦ ❡①❛♠✐♥❡✿ ❉♦❡s ❡♥tr② r❡❣✉❧❛t✐♦♥ ❛✛❡❝t ❡q✉✐❧✐❜r✐✉♠ ❡♠♣❧♦②♠❡♥t❄ ❚❤❡ ✐♥t❡r♠❡❞✐❛t❡ ❝❛s❡✱ ✇✐t❤
✉♣✇❛r❞✲s❧♦♣✐♥❣ s✉♣♣❧②✱ ❛❞❞s ❝♦♥s✐❞❡r❛❜❧❡ ❝♦♠♣❧✐❝❛t✐♦♥ ✇✐t❤ ♥♦ ❛❞❞✐t✐♦♥❛❧ ✐♥s✐❣❤t✱ s♦ ✇❡ ❞♦ ♥♦t ♣✉rs✉❡ ✐t
❤❡r❡✳

✻



♦r ✇♦r❦✱ ✐♥ ✇❤✐❝❤ ❝❛s❡ t❤❡ ♣❛②♦✛ ✐s w✳ ❆❧t❡r♥❛t✐✈❡❧②✱ s❤❡ ❝❛♥ ❜❡❝♦♠❡ ❛♥ ❡♥tr❡♣r❡♥❡✉r✱ ❛♥❞
r❡❝❡✐✈❡ ❛ ♣❛②♦✛ π1(θ) t❤❛t ✐s ❛ ❦♥♦✇♥ ❢✉♥❝t✐♦♥ ♦❢ ❤❡r ❡♥tr❡♣r❡♥❡✉r✐❛❧ ❛❜✐❧✐t② ♣❧✉s ❛ ♠❡❛♥✲
③❡r♦ t❡r♠✱ s❛② ǫ ✭❞r❛✇♥ ❢r♦♠ ❛ ❦♥♦✇♥ ❞✐str✐❜✉t✐♦♥✮✱ t❤❛t r❡✢❡❝ts ✉♥❝❡rt❛✐♥t② t❤❛t ❝❛♥♥♦t
❜❡ r❡s♦❧✈❡❞ ✉♥t✐❧ ❛ ♣♦t❡♥t✐❛❧ ❡♥tr❡♣r❡♥❡✉r ❛❝t✉❛❧❧② ♦♣❡♥s ❤❡r ✜r♠✳❚♦ ❦❡❡♣ ❛♥❛❧②s✐s s✐♠♣❧❡✱
✇❡ ❧❡t t❤❡ ✈❛❧✉❡ ❝r❡❛t❡❞ ❜② ❛ ✜r♠ t❛❦❡ ❛ ❝♦♥st❛♥t✲r❡t✉r♥s✲t♦✲s❝❛❧❡ ❈♦❜❜✲❉♦✉❣❧❛s ❢♦r♠ ✐♥
❡♥tr❡♣r❡♥❡✉r✐❛❧ ❛❜✐❧✐t② ❛♥❞ ❧❛❜♦r ❡♠♣❧♦②❡❞✳✻ ❚❤❡ ✜rst✲♣❡r✐♦❞ ♣❛②♦✛ ✐s

π1(θ) = θ
1

2L
1

2 − (wL+ F ) + ǫ, ✭✶✮

✇❤❡r❡ L ✐s t❤❡ q✉❛♥t✐t② ♦❢ ❧❛❜♦r ❡♠♣❧♦②❡❞✱ ❛♥❞ F ✐s ❛ ✜①❡❞ ❝♦st t♦ ♦♣❡♥✐♥❣ t❤❡ ✜r♠✳ ■♥
t❤❡ s❡❝♦♥❞ ♣❡r✐♦❞✱ t❤❡ ❛❣❡♥t r❡t❛✐♥s ❤❡r ✭♥♦✇ r❡✈❡❛❧❡❞✮ ✐❞✐♦s②♥❝r❛t✐❝ t❡r♠ ǫ ❜✉t ❢❛❝❡s ♥♦
❛❞❞✐t✐♦♥❛❧ ✜①❡❞ ❝♦st✳ ❙♦

π2(θ) = θ
1

2L
1

2 − wL+ ǫ, ✭✷✮

✐❢ s❤❡ ❝♦♥t✐♥✉❡s t♦ ♦♣❡r❛t❡✳ ■❢✱ ✐♥st❡❛❞✱ ♦✉r ❡♥tr❡♣r❡♥❡✉r ❝❧♦s❡s ❤❡r ✜r♠ ✭❛s s❤❡ ♠✐❣❤t ✐❢ s❤❡
❤❛s ❛ ♣❛rt✐❝✉❧❛r❧② ♣♦♦r ǫ ❞r❛✇✮✱ s❤❡ ❡❛r♥s w✳

●✐✈❡♥ t❤✐s s❡t ✉♣✱ ✐t ✐s ❡❛s② t♦ ✈❡r✐❢② t❤❛t ❛♥ ♦♣t✐♠✐③✐♥❣ ❡♥tr❡♣r❡♥❡✉r ✇✐t❤ ❛❜✐❧✐t② θ ❛♥❞
✐❞✐♦s②♥❝r❛t✐❝ ❞r❛✇ ǫ ❡❛r♥s

π1(θ, ǫ) =
θ

4w
− F + ǫ, ✭✸✮

❛♥❞

π2(θ, ǫ) =

{

θ
4w

+ ǫ if ǫ ≥ w − θ
4w
, and

w if ǫ ≤ w − θ
4w
.

✭✹✮

❈❧❡❛r❧②✱ t❤❡ ✈❛❧✉❡ ♦❢ ♦♣❡r❛t✐♥❣ ❛s ❛♥ ❡♥tr❡♣r❡♥❡✉r ❞❡♣❡♥❞s ♦♥ ♦♥❡✬s ❛❜✐❧✐t② θ, r❡❧❛t✐✈❡ t♦
t❤❡ ♠❛r❦❡t ✇❛❣❡ w✳ ■♠♣♦rt❛♥t❧② ❢♦r ♦✉r ♣✉r♣♦s❡s✱ t❤❡ ✈❛❧✉❡ ♦❢ ❡♥tr❡♣r❡♥❡✉rs❤✐♣ ❞❡♣❡♥❞s
❛❧s♦ ♦♥ t❤❡ ❧❡✈❡❧ ♦❢ t❤❡ ✜①❡❞ ❝♦st F ✱ ❛♥❞ s♦ t♦♦✱ t❤❡r❡❢♦r❡✱ ❞♦❡s t❤❡ ❞❡❝✐s✐♦♥ t♦ ❜❡❝♦♠❡ ❛♥
❡♥tr❡♣r❡♥❡✉r✳ ❚♦ ✐❧❧✉str❛t❡✱ ❧❡t ǫ ❜❡ ❞r❛✇♥ ❢r♦♠ ❛ ✉♥✐❢♦r♠ ❞✐str✐❜✉t✐♦♥ ✇✐t❤ s✉♣♣♦rt [−ǫu, ǫu]✳
❚❤❡♥ ✇✐t❤ ❛ ❜✐t ♦❢ ❛❧❣❡❜r❛ ✐t ✐s ❡❛s② t♦ ❝♦♥✜r♠ t❤❛t ❛ r✐s❦✲♥❡✉tr❛❧ ❛❣❡♥t ✇✐❧❧ ❝❤♦♦s❡ t♦ ♦♣❡♥
❛ ✜r♠ ✐❢✱ ❛♥❞ ♦♥❧② ✐❢

[

θ

4w
− w

]

+
1

4ǫu

[(

θ

4w
− w

)

+ ǫu

]2

≥ F ✭✺✮

✭❛ss✉♠✐♥❣ ❛ ③❡r♦ r❛t❡ ♦❢ t✐♠❡ ❞✐s❝♦✉♥t✐♥❣✮✳ ❊①♣r❡ss✐♦♥ ✭✺✮ ♠❛❦❡s s❡♥s❡✳ ❚❤❡ ✜rst ❜r❛❝❦❡t❡❞
t❡r♠ ♦♥ t❤❡ ❧❡❢t✲❤❛♥❞ s✐❞❡ ✐s ❡①♣❡❝t❡❞ ♣✉r❡ ♣r♦✜t ❢r♦♠ ♦♣❡r❛t✐♥❣ ✐♥ t❤❡ ✜rst ♣❡r✐♦❞✳ ■♥ ❛
♦♥❡✲♣❡r✐♦❞ ♠♦❞❡❧✱ t❤❡ ❡♥tr❡♣r❡♥❡✉rs❤✐♣ ❞❡❝✐s✐♦♥ ✇♦✉❧❞ ❤✐♥❣❡ s♦❧❡❧② ♦♥ ✇❤❡t❤❡r t❤✐s t❡r♠ ✇❛s
❛s ❧❛r❣❡ ❛s t❤❡ ✜①❡❞ ❡♥tr② ❝♦st✳ ❚❤❡r❡ ✐s ❛♥ ♦♣t✐♦♥ ✈❛❧✉❡✱ t❤♦✉❣❤✱ ❛ss♦❝✐❛t❡❞ ✇✐t❤ ❝♦♥t✐♥✉❡❞
♦♣❡r❛t✐♦♥ ✐♥ t❤❡ s❡❝♦♥❞ ♣❡r✐♦❞✱ ❛♥❞ t❤✐s ✐s r❡♣r❡s❡♥t❡❞ ❜② t❤❡ s❡❝♦♥❞✱ str✐❝t❧② ♣♦s✐t✐✈❡✱ t❡r♠
♦♥ t❤❡ ❧❡❢t✲❤❛♥❞ s✐❞❡ ♦❢ ✭✺✮✳

▲❡t θ̂ ❜❡ t❤❡ ✈❛❧✉❡ ♦❢ θ t❤❛t s♦❧✈❡s ✭✺✮ ✇✐t❤ ❡q✉❛❧✐t②✳ ❚❤❡♥ t❤❡ ❢r❛❝t✐♦♥ ♦❢ ❛❣❡♥ts ✇❤♦
❜❡❝♦♠❡ ❡♥tr❡♣r❡♥❡✉rs ✐s 1 − G(θ̂), ✇❤❡r❡ G( ) ✐s t❤❡ ❝✳❞✳❢✳ ❢♦r g( )✳ ■♥s♣❡❝t✐♦♥ ♦❢ ✭✺✮ ❣✐✈❡s
t❤❡ ✐♥t✉✐t✐✈❡ r❡s✉❧t t❤❛t θ̂ ✐s str✐❝t❧② ✐♥❝r❡❛s✐♥❣ ✐♥ F ❀ t❤❡ ❧♦✇❡r t❤❡ ❡♥tr② ❝♦st✱ t❤❡ ❧♦✇❡r ✐s
t❤❡ t❤r❡s❤♦❧❞ t❤❛t ✐♥❞✉❝❡s ❛❣❡♥ts t♦ ♦♣❡♥ ✜r♠s✳ ■♥ t✉r♥✱ t❤❡ ❧♦✇❡r t❤❡ ❡♥tr② ❝♦st✱ t❤❡ ❤✐❣❤❡r
✇✐❧❧ ❜❡ t❤❡ ❢r❛❝t✐♦♥ ♦❢ ❛❣❡♥ts ✇❤♦ ❜❡❝♦♠❡ ❡♥tr❡♣r❡♥❡✉rs✳

✻❆s ♣❛rt ♦❢ ♦✉r ❡✛♦rt t♦ ❦❡❡♣ t❤✐♥❣s ❝❧❡❛r✱ ✇❡ ❤❛✈❡ ♥♦ ❝❛♣✐t❛❧ ❤❡r❡✳

✼



▲❛❜♦r ♠❛r❦❡t ❡♠♣❧♦②♠❡♥t ✐♥ ♦✉r ❡❝♦♥♦♠② ♦❢ ❝♦✉rs❡ ❞❡♣❡♥❞s ♦♥ t❤❡ ❧❡✈❡❧ ♦❢ ❡♥tr❡♣r❡♥❡✉r✲
s❤✐♣✳ ■♥ ♣❛rt✐❝✉❧❛r✱ ❛♥ ❡♥tr❡♣r❡♥❡✉r ✇✐t❤ ❛❜✐❧✐t② θ ❡♠♣❧♦②s θ/4w2 ✇♦r❦❡rs ✐♥ ♣❡r✐♦❞ ✶✱ ❛♥❞
❡♠♣❧♦②s t❤❛t s❛♠❡ ♥✉♠❜❡r ✐♥ ♣❡r✐♦❞ ✷ ✐❢ s❤❡ ❝♦♥t✐♥✉❡s ♦♣❡r❛t✐♦♥✳ ❙♦ ✐♥ ♦✉r ❡❝♦♥♦♠②✱ ❛
❞❡❝r❡❛s❡ ✐♥ F ✐♥❝r❡❛s❡s ❡♠♣❧♦②♠❡♥t ✭✇❤✐❧❡ ❞❡❝r❡❛s✐♥❣ t❤❡ ♥✉♠❜❡r ♦❢ ❛❣❡♥ts ✐♥ ❤♦♠❡ ♣r♦❞✉❝✲
t✐♦♥✮✳ ◆♦t✐❝❡ t❤❛t t❤❡ ✜r♠s t❤❛t ❢♦r♠ ❛s ❛ ❝♦♥s❡q✉❡♥❝❡ ♦❢ ❛ r❡❞✉❝t✐♦♥ ✐♥ F ✇✐❧❧ ❜❡ ♦♣❡r❛t❡❞
❜② ♣r♦♣r✐❡t♦rs ✇✐t❤ r❡❧❛t✐✈❡❧② ❧♦✇ ❧❡✈❡❧s ♦❢ θ, ❛♥❞ t❤❡s❡ ✜r♠s ✇✐❧❧ t❡♥❞ t♦ ❜❡ s♠❛❧❧✱ s✐♥❝❡
❧❛❜♦r ❞❡♠❛♥❞ ✐s ♣r♦♣♦rt✐♦♥❛❧ ❤❡r❡ t♦ ❡♥tr❡♣r❡♥❡✉r✐❛❧ ❛❜✐❧✐t② θ✳

❋✐♥❛❧❧②✱ ✇❡ ♥♦t❡ t❤❛t t❤❡ ♣r♦❜❛❜✐❧✐t② ♦❢ ✜r♠ s✉r✈✐✈❛❧ ✐♥ ♣❡r✐♦❞ ✷ ✐s ❛❧s♦ r❡❧❛t❡❞ t♦ θ✳ ■♥
♣❛rt✐❝✉❧❛r✱ ❛ ❜✐t ♦❢ ❛❧❣❡❜r❛ ❝❛♥ ❜❡ ✉s❡❞ t♦ ❝♦♥✜r♠ t❤❛t ❛ ✜r♠✬s s✉r✈✐✈❛❧ ♣r♦❜❛❜✐❧✐t② ✐s

s(θ) =
θ

8wǫu
+

1

2
−

w

2ǫu
. ✭✻✮

❋✐r♠s ✇✐t❤ ❤✐❣❤✲❛❜✐❧✐t② ♣r♦♣r✐❡t♦rs ✭✇❤✐❝❤ ❛r❡ ❛❧s♦ ✜r♠s ✇✐t❤ r❡❧❛t✐✈❡❧② ♠♦r❡ ❡♠♣❧♦②❡❡s
❤❡r❡✮ ❤❛✈❡ ❛ ❤✐❣❤❡r s✉r✈✐✈❛❧ r❛t❡✳ ●✐✈❡♥ t❤❛t t❤❡ ❞✐str✐❜✉t✐♦♥ ♦❢ t❛❧❡♥t ❛♠♦♥❣ ♦♣❡r❛t✐♥❣
✜r♠s ✐s g(θ)/[1−G(θ̂)], ❛✈❡r❛❣❡ ✜r♠ s✉r✈✐✈❛❧ ✐s

s̄ =
∫ θu

θ̂

[

θ

8wǫu
+

1

2
−

w

2ǫu

]

g(θ)

1−G(θ̂)
dθ, ✭✼✮

✇❤✐❝❤ ❝❛♥ ❜❡ ✇r✐tt❡♥

s̄ =
1

8wǫu
E(θ|θ ≥ θ̂) +

1

2
−

w

2ǫu
. ✭✽✮

❆ r❡❞✉❝t✐♦♥ ✐♥ F r❡s✉❧ts ✐♥ ❛ r❡❞✉❝t✐♦♥ ✐♥ t❤❡ ❝✉t✲♦✛ θ̂, ❛♥❞ t❤✐s ✐♥ t✉r♥ r❡❞✉❝❡s t❤❡ ♠❡❛♥
❛❜✐❧✐t② ❧❡✈❡❧ ♦❢ ❡♥tr❡♣r❡♥❡✉rs✳ ❚❤❡ ❝♦♥s❡q✉❡♥❝❡ ✐s t♦ r❡❞✉❝❡ ❛✈❡r❛❣❡ ✜r♠ s✉r✈✐✈❛❧✳

❚♦ s✉♠♠❛r✐③❡✱ ♦✉r ♠♦❞❡❧ ♣r♦✈✐❞❡s ❛♥ ✐♥t✉✐t✐✈❡ s❡t ♦❢ ♣r❡❞✐❝t✐♦♥s ❛❜♦✉t t❤❡ ❝♦♥s❡q✉❡♥❝❡
♦❢ ❛ r❡❞✉❝t✐♦♥ ✐♥ t❤❡ ❝♦st ♦❢ ✜r♠ ❡♥tr②✱ ✐✳❡✳✱ ❛ r❡❢♦r♠ ♦❢ t❤❡ s♦rt ❡♥❛❝t❡❞ ✐♥ P♦rt✉❣❛❧✿

✶✳ ■♥❝r❡❛s❡❞ ❜✉s✐♥❡ss ❢♦r♠❛t✐♦♥✿ ❆ ❤✐❣❤❡r ♣r♦♣♦rt✐♦♥ ♦❢ ❛❣❡♥ts ❜❡❝♦♠❡ ❡♥tr❡♣r❡♥❡✉rs✳

✷✳ ■♥❝r❡❛s❡❞ ❡♠♣❧♦②♠❡♥t✿ ❆ ❤✐❣❤❡r ♣r♦♣♦rt✐♦♥ ♦❢ ❛❣❡♥ts ❛r❡ ❡♠♣❧♦②❡❞❀ ❢❡✇❡r ❛r❡ ✐♥
❤♦♠❡ ♣r♦❞✉❝t✐♦♥✳

✸✳ ❆❧❧ s❤✐❢ts ♦❝❝✉r ❛t t❤❡ ♠❛r❣✐♥✿ ◆❡✇ ✜r♠s ✇✐❧❧ ❣❡♥❡r❛❧❧② ❤❛✈❡ ❡♥tr❡♣r❡♥❡✉rs ✇✐t❤
r❡❧❛t✐✈❡❧② ❧♦✇❡r t❛❧❡♥t✳ ❚❤❡s❡ ✜r♠s ✇✐❧❧ ❣❡♥❡r❛❧❧② ❜❡ s♠❛❧❧❡r✱ ❛♥❞ ✇✐❧❧ ❤❛✈❡ ❧♦✇❡r s✉r✈✐✈❛❧
♣r♦❜❛❜✐❧✐t✐❡s t❤❛♥ ✐♥❢r❛✲♠❛r❣✐♥❛❧ ✜r♠s✳

■t ✐s ✇♦rt❤ ♥♦t✐♥❣ t❤❛t ♦✉r ♠♦❞❡❧ ❤❛s s♦♠❡ ♣r❡❞✐❝t✐♦♥s t❤❛t ❞✐✛❡r ✐♥ t❤❡ s❤♦rt✲ ❛♥❞
❧♦♥❣✲r✉♥✳ ❋♦r ❡①❛♠♣❧❡✱ ✐♥ ♦✉r s❡t✲✉♣ ♦♥❧② ②♦✉♥❣ ❛❣❡♥ts ❢♦r♠ ✜r♠s✱ ❜❡❝❛✉s❡ ♦♥❧② t❤❡② ❝❛♥
t❛❦❡ ❛❞✈❛♥t❛❣❡ ♦❢ t❤❡ ♦♣t✐♦♥ ✈❛❧✉❡ ♦❢ ❝♦♥t✐♥✉❡❞ ♦♣❡r❛t✐♦♥ ✐♥ ❝❛s❡ t❤❡ ✜r♠ ♣r♦✈❡s t♦ ❜❡
♣❛rt✐❝✉❧❛r❧② s✉❝❝❡ss❢✉❧✳✼ ❆ s❤♦rt✲r✉♥ ❝♦♥s❡q✉❡♥❝❡ ♦❢ r❡❞✉❝❡❞ ❡♥tr② ❝♦st ✇♦✉❧❞ ❜❡ t♦ ❝❛✉s❡
s♦♠❡ ♦❧❞❡r ❡♥tr❡♣r❡♥❡✉rs t♦ ❢♦r♠ ♥❡✇ ✜r♠s✳ ❚❤❡s❡ ✇♦✉❧❞ ❜❡ ❛❣❡♥ts ✇❤♦ ✇❡r❡ ❞❡t❡rr❡❞ ❜②
❤✐❣❤ ❡♥tr② ❝♦sts ✇❤❡♥ t❤❡② ✇❡r❡ ②♦✉♥❣✱ ❜✉t ♥♦✇ ✜♥❞ ❡♥tr❡♣r❡♥❡✉rs❤✐♣ t♦ ❜❡ ♠♦r❡ ❛ttr❛❝t✐✈❡✳
❙♦ ✐♥ t❤❡ s❤♦rt r✉♥✱ t❤❡ ❛✈❡r❛❣❡ ❛❣❡ ♦❢ ♥❡✇ ❡♥tr❡♣r❡♥❡✉rs r✐s❡s✳ ■♥ t❤❡ ❧♦♥❣ r✉♥✱ t❤♦✉❣❤✱

✼■♥ ❛ ♠♦r❡ ❝♦♠♣❧❡t❡ ♠♦❞❡❧✱ t❤❡ r❡❧❛t✐♦♥s❤✐♣ ❜❡t✇❡❡♥ ❛❣❡ ❛♥❞ ❡♥tr❡♣r❡♥❡✉rs❤✐♣ ❜❡❝♦♠❡s ♠♦r❡ ❝♦♠♣❧✐❝❛t❡❞✳
❊①♣❡r✐❡♥❝❡ ❝❛♥ ✐♥❝r❡❛s❡ ❛❜✐❧✐t②✱ ❜✉t ❛❣❡♥ts st✐❧❧ ❢❛❝❡ t❤❡ ♥❡❡❞ t♦ r❡❝♦✉♣ t❤❡ ✜①❡❞ ❝♦sts ♦❢ st❛rt✐♥❣ ❛ ✜r♠ ♦✈❡r
❛ s✉st❛✐♥❡❞ ♣❡r✐♦❞ ♦❢ ♦♣❡r❛t✐♦♥✱ ♠❛❦✐♥❣ ❡♥tr❡♣r❡♥❡✉rs❤✐♣ ❧❡ss ❛ttr❛❝t✐✈❡ ❢♦r ♦❧❞❡r ✇♦r❦❡rs✳

✽



♦♥❝❡ ❛❣❛✐♥ ♦♥❧② ②♦✉♥❣ ❛❣❡♥ts ❢♦r♠ ✜r♠s✳

❋✐♥❛❧❧②✱ ✇❡ ♥♦t❡ t❤❛t ✐♥ ♦✉r ♠♦❞❡❧ ❛rt✐✜❝✐❛❧ ❜❛rr✐❡rs t❤❛t ✐♥❝r❡❛s❡ ❡♥tr② ❝♦sts ✐♥tr♦❞✉❝❡
✐♥❡✣❝✐❡♥❝②❀ t❤❡s❡ r❡❣✉❧❛t✐♦♥s ✐♥❞✉❝❡ s♦♠❡ ♣♦t❡♥t✐❛❧ ❡♥tr❡♣r❡♥❡✉rs t♦ ✉♥♥❡❝❡ss❛r✐❧② ❛♥❞ ✐♥✲
❡✣❝✐❡♥t❧② ❞❡❝✐❞❡ t♦ ✇♦r❦ ❢♦r ♦t❤❡rs ♦r r❡♠❛✐♥ ♦✉t ♦❢ t❤❡ ❧❛❜♦r ❢♦r❝❡✳ ❊♠♣✐r✐❝❛❧ s✉♣♣♦rt ♦❢
t❤❡ ♠♦❞❡❧✬s ❦❡② ♣r❡❞✐❝t✐♦♥s t❤✉s ❝♦♥st✐t✉t❡s s♦♠❡ ✉s❡❢✉❧ ♣r✐♠❛ ❢❛❝✐❛ ❡✈✐❞❡♥❝❡ ✐♥ ❢❛✈♦r ♦❢ t❤❡
♣r♦♣♦s✐t✐♦♥ t❤❛t r❡❞✉❝❡❞ ❡♥tr② r❡❣✉❧❛t✐♦♥ ✐s s♦❝✐❛❧❧② ✉s❡❢✉❧✳ ■❢✱ t♦ t❤❡ ❝♦♥tr❛r②✱ ♦♥❡ ✇❡r❡ t♦
s❤♦✇ ❧✐tt❧❡ ✐♠♣❛❝t ♦❢ ❡♥tr② ❞❡r❡❣✉❧❛t✐♦♥✱ t❤❡r❡ ✇♦✉❧❞ ❜❡ ❧❡ss r❡❛s♦♥ t♦ ❜❡ ❝♦♥❝❡r♥❡❞ ❛❜♦✉t
❡♥tr② r❡❣✉❧❛t✐♦♥ ❛s ❛ ♣r❛❝t✐❝❛❧ ❝♦♥❝❡r♥✳ ❈♦♥❝❡✐✈❛❜❧②✱ ♦♥❡ ♠✐❣❤t ❡✈❡♥ ✜♥❞ t❤❛t r❡❞✉❝❡❞ ❡♥tr②
r❡❣✉❧❛t✐♦♥ r❡❞✉❝❡s ❡♠♣❧♦②♠❡♥t ✐❢ ♠❛r❦❡ts ❛r❡ ♥♦♥✲❝♦♠♣❡t✐t✐✈❡✳✽

✹ ❚❤❡ ✏❖♥ t❤❡ ❙♣♦t ❋✐r♠✑ Pr♦❣r❛♠

■♥ t❤✐s s❡❝t✐♦♥✱ ✇❡ ❞❡s❝r✐❜❡ t❤❡ P♦rt✉❣✉❡s❡ ❜✉s✐♥❡ss r❡❣✐str❛t✐♦♥ r❡❢♦r♠ ❛♥❞ t❤❡ s❡tt✐♥❣ ✐♥
✇❤✐❝❤ ✐t ✇❛s ✐♠♣❧❡♠❡♥t❡❞✳

Pr✐♦r t♦ ✷✵✵✺✱ t♦ ♠❡❡t t❤❡ ❣♦✈❡r♥♠❡♥t r❡q✉✐r❡♠❡♥ts✱ ❛♥ ❡♥tr❡♣r❡♥❡✉r ❤❛❞ t♦ ✈✐s✐t s❡✈❡r❛❧
❞✐✛❡r❡♥t ♣✉❜❧✐❝ ❛❣❡♥❝✐❡s✱ ❝♦♠♣❧❡t❡ ✶✶ ♣r♦❝❡❞✉r❡s✱ ✜❧❧ ♦✉t ✷✵ ❢♦r♠s ❛♥❞ ❞♦❝✉♠❡♥ts✱ ✇❛✐t
❜❡t✇❡❡♥ ✺✹ ❛♥❞ ✼✽ ❞❛②s ❛♥❞ ♣❛② ❛❧♠♦st ✷✱✵✵✵ ❊✉r♦ ✭❛♣♣r♦①✐♠❛t❡❧② ✶✸✳✺ ♣❡r❝❡♥t ♦❢ ♣❡r
❝❛♣✐t❛ ❣r♦ss ♥❛t✐♦♥❛❧ ✐♥❝♦♠❡✮✳ ❚❤❡s❡ ♥✉♠❜❡rs ✇❡r❡ ❤✐❣❤ ❜② ✐♥t❡r♥❛t✐♦♥❛❧ st❛♥❞❛r❞s✱ ♠❛❦✐♥❣
P♦rt✉❣❛❧ ♦♥❡ ♦❢ t❤❡ ❧❡❛st ❛ttr❛❝t✐✈❡ ❝♦✉♥tr✐❡s ✐♥ ✇❤✐❝❤ t♦ st❛rt ❛ ❜✉s✐♥❡ss✳✾ Pr❡ss✉r❡ t♦
r❡❢♦r♠ t❤✐s s②st❡♠ ✐♥❝r❡❛s❡❞ ❛s t❤❡ ❝♦✉♥tr②✬s ❡❝♦♥♦♠✐❝ ♣❡r❢♦r♠❛♥❝❡ ❞❡t❡r✐♦r❛t❡❞ ❛❢t❡r ✷✵✵✵✳
❇❡t✇❡❡♥ ✶✾✾✻ ❛♥❞ ✷✵✵✵✱ t❤❡ ❡❝♦♥♦♠② ❤❛❞ ❡①♣❡r✐❡♥❝❡❞ ❛ ♣❡r✐♦❞ ♦❢ r❡❛s♦♥❛❜❧② ❣♦♦❞ ❣r♦✇t❤
✭r❡❛❧ ●❉P ✐♥❝r❡❛s❡❞ ❜② ❛♣♣r♦①✐♠❛t❡❧② ✹✳✵ ♣❡r❝❡♥t ❛♥♥✉❛❧❧②✮✱ ❜✉t ❢r♦♠ ✷✵✵✶ t♦ ✷✵✵✺ ❣r♦✇t❤
❢❡❧❧ t♦ ❧❡ss t❤❛♥ ✶✳✵ ♣❡r❝❡♥t✳

■♥ r❡s♣♦♥s❡ t♦ t❤❡ ♣♦♦r ❛❞♠✐♥✐str❛t✐✈❡ r❡❝♦r❞✱ ❛♥❞ ✇❡❛❦ ❡❝♦♥♦♠✐❝ ♣❡r❢♦r♠❛♥❝❡✱ t❤❡
♥❡✇ ❣♦✈❡r♥♠❡♥t ❡❧❡❝t❡❞ ✐♥ ❋❡❜r✉❛r② ✷✵✵✺ ❞❡❝✐❞❡❞ t♦ r❡t❤✐♥❦ t❤❡ r❡❣✉❧❛t♦r② r❡❣✐♠❡✳ ■♥
▼❛② ✷✵✵✺ ❛ ❝r♦ss✲❞❡♣❛rt♠❡♥t❛❧ t❛s❦ ❢♦r❝❡✱ t❤❡ ❖✣❝❡ ♦❢ P✉❜❧✐❝ ❙❡r✈✐❝❡s ❛♥❞ ❘❡❢♦r♠✱ ♦r
❯♥✐❞❛❞❡ ❞❡ ❈♦♦r❞❡♥❛çã♦ ❞❛ ▼♦❞❡r♥❛③✐çã♦ ❆❞♠✐♥✐str❛t✐✈❛ ✭❯❈▼❆✮✱ ✇❛s ❝r❡❛t❡❞ t♦ ♦✈❡rs❡❡
♠♦❞❡r♥✐③❛t✐♦♥ ❛♥❞ s✐♠♣❧✐✜❝❛t✐♦♥ ♦❢ ♣✉❜❧✐❝ s❡r✈✐❝❡s✳ ❖♥❡ ♦❢ t❤❡ ✜rst ✐ss✉❡s t❛❝❦❧❡❞ ❜② t❤✐s
♦✣❝❡ ✇❛s t❤❡ s✐♠♣❧✐✜❝❛t✐♦♥ ♦❢ t❤❡ ♣r♦❝❡ss ♦❢ st❛rt✐♥❣ ❛ ❜✉s✐♥❡ss✳ ❆s ❛ r❡s✉❧t✱ t❤❡ ❯❈▼❆
✐♠♣❧❡♠❡♥t❡❞ t❤❡ ✏❖♥ t❤❡ ❙♣♦t ❋✐r♠✑ ♣r♦❣r❛♠✱ ♦r ❊♠♣r❡s❛ ♥❛ ❍♦r❛ ✭❊◆❍✮✱ ✇✐t❤ t❤❡ ❣♦❛❧
♦❢ ❞❡❝r❡❛s✐♥❣ t❤❡ t✐♠❡✱ ❝♦st ❛♥❞ ❝♦♠♣❧❡①✐t② ♦❢ st❛rt✐♥❣ ❛ ❜✉s✐♥❡ss✳

❚❤❡ ♣r♦❣r❛♠ ❛❧❧♦✇s t❤❡ r❡❣✐str❛t✐♦♥ ♦❢ s✐♥❣❧❡✲s❤❛r❡❤♦❧❞❡r ❝♦♠♣❛♥✐❡s✱ ♣r✐✈❛t❡ ❧✐♠✐t❡❞
❝♦♠♣❛♥✐❡s✱ ♣❛rt♥❡rs❤✐♣s ♦r ♣✉❜❧✐❝ ❧✐♠✐t❡❞ ❝♦♠♣❛♥✐❡s ✐♥ ❛ s✐♥❣❧❡ ♦✣❝❡✱ t❤❡ ♦♥❡✲st♦♣ s❤♦♣✳
❍♦✇❡✈❡r✱ ✐t ❞♦❡s ♥♦t ❛♣♣❧② t♦ ❣♦✈❡r♥♠❡♥t❛❧ ✜r♠s ♦r ✜r♠s ✐♥✈♦❧✈❡❞ ✐♥ ✐♥❞✉str✐❡s ✇❤✐❝❤
r❡q✉✐r❡ s♣❡❝✐❛❧ ❛✉t❤♦r✐③❛t✐♦♥✱ ♣❡r♠✐ts ♦r ✐♥❞✉str②✲s♣❡❝✐✜❝ r❡q✉✐r❡♠❡♥ts✳✶✵ ❲✐t❤✐♥ ♦♥❡ ❤♦✉r✱
❛♥ ❡♥tr❡♣r❡♥❡✉r r❡❝❡✐✈❡s ❛ ❝♦r♣♦r❛t❡ t❛①♣❛②❡r ♥✉♠❜❡r✱ s♦❝✐❛❧ s❡❝✉r✐t② ♥✉♠❜❡r✱ ❝♦♠♠❡r❝✐❛❧

✽❙❡❡✱ ❡✳❣✳✱ ▼❛♥❦✐✇ ❛♥❞ ❲❤✐♥st♦♥ ✭✶✾✽✻✮ ❢♦r ❛ ❣❡♥❡r❛❧ ❞✐s❝✉ss✐♦♥ ♦❢ ❢r❡❡ ❡♥tr② ❛♥❞ s♦❝✐❛❧ ❡✣❝✐❡♥❝②✳
✾❋♦r ❡①❛♠♣❧❡✱ ✐♥ ✷✵✵✺ ❛ ♠❡♠❜❡r ❝♦✉♥tr② ❖❊❈❉ r❡q✉✐r❡❞ ♦♥ ❛✈❡r❛❣❡ ✻✳✺ ♣r♦❝❡❞✉r❡s ❛♥❞ ✶✾✳✺ ❞❛②s✱ ❝♦st✐♥❣

❛♣♣r♦①✐♠❛t❡❧② ✻✳✽ ♣❡r❝❡♥t ♦❢ t❤❡ ●◆■ ♣❡r ❝❛♣✐t❛ ✭❲♦r❧❞ ❇❛♥❦✱ ✷✵✵✻✮✳ ❉❥❛♥❦♦✈ ❡t ❛❧✳ ✭✷✵✵✷✮ ♣r❡s❡♥t s✐♠✐❧❛r
✜❣✉r❡s✳ ■♥ ✷✵✵✺ P♦rt✉❣❛❧ r❛♥❦❡❞ ✶✶✸ ♦✉t ♦❢ ✶✺✺ ❝♦✉♥tr✐❡s ✐♥ t❤❡ ❉♦✐♥❣ ❇✉s✐♥❡ss ❘❛♥❦✐♥❣ ✭❲♦r❧❞ ❇❛♥❦✱
✷✵✵✻✮✱ ❛♥❞ ✐❢ ✇❡ ❝♦♥s✐❞❡r ♦♥❧② t❤❡ ✇❛✐t✐♥❣ t✐♠❡ t♦ ❝♦♠♣❧❡t❡ t❤❡ r❡❣✐str❛t✐♦♥ ♣r♦❝❡❞✉r❡s✱ ✐t r❛♥❦❡❞ ✼✹ ♦✉t ♦❢
✽✺ ❝♦✉♥tr✐❡s st✉❞✐❡❞ ❜② ❉❥❛♥❦♦✈ ❡t ❛❧✳ ✭✷✵✵✷✮✳

✶✵❆♣♣❡♥❞✐① ❆✳✶ ❧✐sts ❛❧❧ t❤❡ ✐♥❞✉str✐❡s t❤❛t ❤❛✈❡ t♦ ❜❡ r❡❣✐st❡r❡❞ ❜② tr❛❞✐t✐♦♥❛❧ ♣r♦❝❡❞✉r❡s✳ ❚❤❡ ♥♦♥✲❡❧✐❣✐❜❧❡

✾



r❡❣✐str❛t✐♦♥✱ ❛♥❞ ❞❡❝❧❛r❛t✐♦♥ ♦❢ ❜✉s✐♥❡ss ✐♥✐t✐❛t✐♦♥✳ ■♥ ♦r❞❡r t♦ ✐♥❝r❡❛s❡ t❤❡ ❡✣❝✐❡♥❝② ♦❢
t❤❡ ♣r♦❝❡ss✱ t❤❡ ❯❈▼❆ ❞❡✈❡❧♦♣❡❞ st❛♥❞❛r❞✐③❡❞ ♣r❡✲❛♣♣r♦✈❡❞ ❛rt✐❝❧❡s ♦❢ ❛ss♦❝✐❛t✐♦♥✱ ❝r❡❛t❡❞
❧✐sts ♦❢ ♣r❡✲❞❡✜♥❡❞ ✜r♠ ♥❛♠❡s✱ ❛♥❞ ❡❧✐♠✐♥❛t❡❞ ♦✉t❞❛t❡❞ st❛rt✲✉♣ ❢♦r♠❛❧✐t✐❡s s✉❝❤ ❛s t❤❡
r❡❣✐str❛t✐♦♥ ♦❢ ❝♦♠♣❛♥② ❜♦♦❦s ❛♥❞ t❤❡ ❧❡❣❛❧ ♦❜❧✐❣❛t✐♦♥ t♦ ♣r♦✈✐❞❡ ♣✉❜❧✐❝ ❞❡❡❞s✳

❚❤❡ ❧❛✇ ❢♦r t❤✐s ❛❞♠✐♥✐str❛t✐✈❡ ♠♦❞❡❧ ✇❛s ❛♣♣r♦✈❡❞ ❏✉❧② ✻✱ ✷✵✵✺ ✭✇✐t❤ ❉❡❝r❡t♦✲▲❡✐
✶✶✶✴✷✵✵✺ ✮✱ ❛♥❞ ❛t t❤❡ s❛♠❡ t✐♠❡ s✐① ♦♥❡✲st♦♣ s❤♦♣s ✇❡r❡ ♣✐❧♦t❡❞ ✐♥ ❢♦✉r ❞✐✛❡r❡♥t ❝♦✉♥t✐❡s✱
❈♦✐♠❜r❛✱ ❆✈❡✐r♦✱ ▼♦✐t❛ ❛♥❞ ❇❛rr❡✐r♦✳ ❚❤❡ s❤♦♣s ❣❡♥❡r❛❧❧② t♦♦❦ ❛❞✈❛♥t❛❣❡ ♦❢ ♣r❡❡①✐st✐♥❣
❚r❛❞❡ ❘❡❣✐str② ❖✣❝❡s ❛♥❞ ❇✉s✐♥❡ss ❋♦r♠❛❧✐t✐❡s ❈❡♥t❡rs ❜② ❧♦❝❛t✐♥❣ t❤❡ s❤♦♣s ✐♥ t❤❡s❡ ❢❛✲
❝✐❧✐t✐❡s✳ ❉✉❡ t♦ r❡s♦✉r❝❡ ❝♦♥str❛✐♥ts✱ t❤❡ ♣r♦❣r❛♠ ✇❛s ♥♦t ✐♠♣❧❡♠❡♥t❡❞ s✐♠✉❧t❛♥❡♦✉s❧② ✐♥
❛❧❧ ❝♦✉♥t✐❡s✳ ❘❛t❤❡r✱ ♦✈❡r t✐♠❡ t❤❡ ♣r♦❣r❛♠ ❡①♣❛♥❞❡❞ t♦ ♦t❤❡r ❧♦❝❛t✐♦♥s ❛❝r♦ss t❤❡ ❝♦✉♥tr②✳
❚❛❜❧❡ ✶ ♣r❡s❡♥ts t❤❡ st❛t✐st✐❝s ♦♥ t❤❡ t✐♠✐♥❣ ❛♥❞ ❣❡♦❣r❛♣❤✐❝ ✈❛r✐❛t✐♦♥ ♦❢ ♣r♦❣r❛♠ ❛❞♦♣t✐♦♥
❢r♦♠ ✷✵✵✺ t♦ ✷✵✵✾✳

❚❤❡r❡ ✇❛s s♦♠❡ r❡s✐st❛♥❝❡ ❛❣❛✐♥st t❤❡ ❛❞♦♣t✐♦♥ ♦❢ t❤❡ ♣r♦❣r❛♠✱ ♣❛rt✐❝✉❧❛r❧② ❢r♦♠ t❤❡
❆ss♦❝✐❛t✐♦♥ ♦❢ ◆♦t❛r✐❡s✱ ✇❤✐❝❤ ✐♥ ✷✵✵✼ t❤r❡❛t❡♥❡❞ t♦ t❛❦❡ t❤❡ ✏❖♥ t❤❡ ❙♣♦t ❋✐r♠✑ ♣r♦❣r❛♠
t♦ ❝♦✉rt✱ ❜✉t t❤❡s❡ ❡✛♦rts ❞✐❞ ♥♦t s❧♦✇ t❤❡ ♣r♦❣r❛♠✬s ❡①♣❛♥s✐♦♥✳ ❇② t❤❡ ❡♥❞ ♦❢ ✷✵✵✾✱ t❤❡r❡
✇❡r❡ ✶✻✹ ♦♥❡✲st♦♣ s❤♦♣s ❧♦❝❛t❡❞ ✐♥ ✶✸✺ ❞✐✛❡r❡♥t ❝♦✉♥t✐❡s ✭✹✹ ♣❡r ❝❡♥t ♦❢ t♦t❛❧ ❝♦✉♥t✐❡s✮✳✶✶

❆❧t❤♦✉❣❤✱ t❤❡ ❧♦❝❛t✐♦♥ ♦❢ t❤❡s❡ s❤♦♣s ❛r❡ ❢❛✐r❧② ❞✐s♣❡rs❡❞ t❤r♦✉❣❤♦✉t P♦rt✉❣❛❧✱ t❤❡ ♣r♦❣r❛♠
t❛r❣❡t❡❞ ❧❛r❣❡r ❛♥❞ ❡❝♦♥♦♠✐❝❛❧❧② ✐♠♣♦rt❛♥t ❝♦✉♥t✐❡s✳ ❆t t❤❡ s❛♠❡ t✐♠❡ t❤❛t t❤❡ ♣r♦❣r❛♠ ✇❛s
✐♠♣❧❡♠❡♥t❡❞✱ P♦rt✉❣❛❧ ❤❛❞ ❧♦❝❛❧ ❡❧❡❝t✐♦♥s ❢♦r ❝♦✉♥t② ❝❤✐❡❢ ❡①❡❝✉t✐✈❡s✳ P♦❧✐t✐❝❛❧ ❛✣❧✐❛t✐♦♥
❞♦❡s ♥♦t s❡❡♠ t♦ ♣❧❛② ❛ s✐❣♥✐✜❝❛♥t r♦❧❡ ✐♥ ♣r♦❣r❛♠ ❛❞♦♣t✐♦♥✳✶✷

❇❡❝❛✉s❡ ♦❢ t❤❡ ✏❖♥ t❤❡ ❙♣♦t ❋✐r♠✑ ♣r♦❣r❛♠✱ P♦rt✉❣❛❧ ✇❛s ❝♦♥s✐❞❡r❡❞ t❤❡ t♦♣ r❡❢♦r♠❡r
✐♥ ❜✉s✐♥❡ss ❡♥tr② ✐♥ ✷✵✵✺✕✷✵✵✻✱ ❛♥❞ ✇❛s r❡✇❛r❞❡❞ ✇✐t❤ t❤❡ ❊✉r♦♣❡❛♥ ❊♥t❡r♣r✐s❡ ❆✇❛r❞ ✐♥
t❤❡ ❘❡❞ ❚❛♣❡ ❘❡❞✉❝✐♥❣ ❝❛t❡❣♦r② ❜② t❤❡ ❊✉r♦♣❡❛♥ ❈♦♠♠✐ss✐♦♥✳✶✸ P♦rt✉❣❛❧✬s ♣♦s✐t✐♦♥ ♦♥
t❤❡ ✐♥t❡r♥❛t✐♦♥❛❧ ❝♦♠♣❡t✐t✐✈❡ r❛♥❦✐♥❣s ✐♠♣r♦✈❡❞ ♠❛r❦❡❞❧②✱ ❡✳❣✳✱ ✐♠♣r♦✈✐♥❣ ❢r♦♠ t❤❡ ✼✹t❤ t♦
✹✵t❤ ♣❡r❝❡♥t✐❧❡ ✐♥ t❤❡ ❲♦r❧❞ ❇❛♥❦ ❘❡❞ ❚❛♣❡ P❡r❝❡♥t✐❧❡ ■♥❞❡①✱ ❛♥❞ r✐s✐♥❣ t♦ ✸✸r❞ ♦✉t ♦❢ ✶✺✺
❝♦✉♥tr✐❡s ✐♥ t❤❡ ❛♥♥✉❛❧ ❉♦✐♥❣ ❇✉s✐♥❡ss ❘❛♥❦✐♥❣✳ ❋✐❣✉r❡ ✶ ❝♦♠♣❛r❡s t❤❡ ♥✉♠❜❡r ❛♥❞ t✐♠❡
♦❢ t❤❡ ♣r♦❝❡❞✉r❡s ♥❡❡❞❡❞ t♦ r❡❣✐st❡r ❛ ✜r♠ ❜❡❢♦r❡ ❛♥❞ ❛❢t❡r t❤❡ ✐♥tr♦❞✉❝t✐♦♥ ♦❢ t❤❡ ♦♥❡✲st♦♣
s❤♦♣✳ ❆❢t❡r t❤❡ r❡❢♦r♠✱ ❛♥ ❡♥tr❡♣r❡♥❡✉r ❝♦✉❧❞ ❡❛s✐❧② ✜♥✐s❤ t❤❡ r❡❣✐str❛t✐♦♥ ♣r♦❝❡ss ✐♥ ♦♥❡
❞❛②✱ ❛t ❛ ❝♦st ♦❢ ❛♣♣r♦①✐♠❛t❡❧② ✸✻✵ ❊✉r♦✳✶✹

❚✇♦ ❢❡❛t✉r❡s ♦❢ t❤❡ ♣r♦❣r❛♠ ❛♥❞ ✐♥st✐t✉t✐♦♥❛❧ ❡♥✈✐r♦♥♠❡♥t ❞❡s❡r✈❡ ❛❞❞✐t✐♦♥❛❧ ❞✐s❝✉ss✐♦♥✳
❋✐rst✱ ❛t t❤❡ ❡♥❞ ♦❢ ✷✵✵✽ t❤❡r❡ ✇❡r❡ t❤r❡❡ ❝♦♥❝✉rr❡♥t ♣r♦❝❡❞✉r❡s t♦ r❡❣✐st❡r ❛ ✜r♠✿ tr❛❞✐t✐♦♥❛❧
♣r♦❝❡❞✉r❡s✱ t❤❡ ✏❖♥ t❤❡ ❙♣♦t ❋✐r♠✑ ♣r♦❣r❛♠✱ ❛♥❞ ❛♥ ♦♥❧✐♥❡ ❝♦♠♣❛♥② ✐♥❝♦r♣♦r❛t✐♦♥ ✭❊♠♣r❡s❛
❖♥❧✐♥❡✮✳✶✺ ❍♦✇❡✈❡r✱ t❤❡ ♦♥❧✐♥❡ ❝♦♠♣❛♥② r❡❣✐str❛t✐♦♥ ✇❛s ✐♥✐t✐❛❧❧② ♦♥❧② ❛❝❝❡ss✐❜❧❡ t♦ ❧❛✇②❡rs✱

✐♥❞✉str✐❡s ❛r❡ ♠❛✐♥❧② ✐♥ t❤❡ ✜♥❛♥❝❡✱ ✐♥s✉r❛♥❝❡ ❛♥❞ tr❛♥s♣♦rt❛t✐♦♥ s❡❝t♦r✳
✶✶P♦rt✉❣❛❧ ✐s s✉❜❞✐✈✐❞❡❞ ✐♥t♦ ✸✵✽ ❝♦✉♥t✐❡s✱ ✇❤✐❝❤ ❛r❡ ❛♣♣r♦①✐♠❛t❡❧② ♦♥❡ q✉❛rt❡r ♦❢ t❤❡ s✐③❡ ♦❢ ❯✳❙✳ ❝♦✉♥t✐❡s✳
✶✷❆♣♣r♦①✐♠❛t❡❧② ✹✵ ♣❡r❝❡♥t ♦❢ t❤❡ ❝♦✉♥t✐❡s ✇✐t❤ ♦♥❡✲st♦♣ s❤♦♣s ❤❛❞ ❛ ❝❤✐❡❢ ❡①❡❝✉t✐✈❡ t❤❛t ✇❛s ❢r♦♠ t❤❡

❣♦✈❡r♥♠❡♥t✬s ♣❛rt② ✭P❙✮ ♦r ❢r♦♠ t❤❡ ♠❛✐♥ ♦♣♣♦s✐t✐♦♥ ♣❛rt② ✭P❙❉✮✳
✶✸❲♦r❧❞ ❇❛♥❦ ✭✷✵✵✻✮✱ ❢♦r ❡①❛♠♣❧❡✱ ♥♦t❡❞ t❤❡ ❝❤❛♥❣❡s✿ ✏■♥ P♦rt✉❣❛❧✱ ♥♦✇ ♦♥❡ ♦❢ t❤❡ ❢❛st❡st ❡❝♦♥♦♠✐❡s

❢♦r st❛rt✲✉♣✱ ❛♥ ❡♥tr❡♣r❡♥❡✉r ✉s✐♥❣ t❤❡ ♥❡✇ ❢❛st✲tr❛❝❦ s❡r✈✐❝❡ s✐♠♣❧② ❝❤♦♦s❡s ❛ ♣r❡✲❛♣♣r♦✈❡❞ ♥❛♠❡ ❢r♦♠ t❤❡
r❡❣✐str②✬s ✇❡❜s✐t❡ t❤❡♥ ❣♦❡s t♦ t❤❡ ♦♥❡✲st♦♣ s❤♦♣ t♦ r❡❣✐st❡r t❤❡ ❝♦♠♣❛♥②✱✧ ✭♣✳ ✾✮✳

✶✹❚❤❡ t♦t❛❧ ❝♦st ✐s ✸✻✵ ❊✉r♦ ♦r ✸✵✵ ❊✉r♦ ✐❢ t❤❡ ❝♦♠♣❛♥②✬s ❢♦❝✉s ✐s ✐♥❢♦r♠❛t✐♦♥ t❡❝❤♥♦❧♦❣② ♦r r❡s❡❛r❝❤ ❛♥❞
❞❡✈❡❧♦♣♠❡♥t✳

✶✺❚❤✐s ❧❛tt❡r ♣r♦❣r❛♠ ✇❛s t❤❡ r❡s✉❧t ♦❢ ❛♥ ✐♥✐t✐❛t✐✈❡ ❢r♦♠ ❏✉♥❡ ✷✵✵✻✱ ✐♥ ✇❤✐❝❤ t❤❡ ❣♦✈❡r♥♠❡♥t ❧❛✉♥❝❤❡❞ ❛
s♣❡❝✐❛❧ r❡❣✐♠❡ ❢♦r s❡tt✐♥❣ ✉♣ ❝♦♠♣❛♥✐❡s ✈✐❛ t❤❡ ■♥t❡r♥❡t ✭❉❡❝r❡t♦✲▲❡✐ ✶✷✺✴✷✵✵✻ ✮✱ ✇✐t❤ s✐♠✐❧❛r st❡♣s ❛s t❤❡
✏❖♥ t❤❡ ❙♣♦t ❋✐r♠✑ ♣r♦❣r❛♠✳

✶✵



s♦❧✐❝✐t♦rs ❛♥❞ ♥♦t❛r✐❡s ✇✐t❤ ❛ ❞✐❣✐t❛❧ ❝❡rt✐✜❝❛t✐♦♥✱ ❛♥❞ s✉❜s❡q✉❡♥t❧② ✐t ♦♥❧② ❜❡❝❛♠❡ ❛✈❛✐❧❛❜❧❡
t♦ ✐♥❞✐✈✐❞✉❛❧s ✇✐t❤ t❤❡ ❝✐t✐③❡♥s ❝❛r❞ ✭❝❛rtã♦ ❞♦ ❝✐❞❛❞ã♦✮ ❛♥❞ ❡❧❡❝tr♦♥✐❝ ❝❡rt✐✜❝❛t✐♦♥ ✐♥ t❤❡
❧❛st tr✐♠❡st❡r ♦❢ ✷✵✵✾✳✶✻ ❖✉r ❞❛t❛ ❞♦ ♥♦t ✐♥❝❧✉❞❡ ✐♥❢♦r♠❛t✐♦♥ ♦♥ t❤❡ t②♣❡ ♦❢ ♣r♦❝❡❞✉r❡ ✉s❡❞
❜② ❡♥tr❡♣r❡♥❡✉rs t♦ r❡❣✐st❡r t❤❡✐r ✜r♠s✳ ❍♦✇❡✈❡r✱ ❛❝❝♦r❞✐♥❣ t♦ ♦✣❝✐❛❧ ✐♥❢♦r♠❛t✐♦♥✱ ♠♦r❡
t❤❛♥ ✼✵ ♣❡r❝❡♥t ♦❢ ♥❡✇ ✜r♠s ✇❡r❡ ❡st❛❜❧✐s❤❡❞ t❤r♦✉❣❤ t❤❡ ✏❖♥ t❤❡ ❙♣♦t ❋✐r♠✑ ♣r♦❣r❛♠
✉♥t✐❧ ✷✵✵✽✳ ❚r❛❞✐t✐♦♥❛❧ ♣r♦❝❡❞✉r❡s ❛♥❞ ♦♥✲❧✐♥❡ r❡❣✐str❛t✐♦♥ ✇❡r❡ ✉s❡❞ ♠✉❝❤ ❧❡ss ❢r❡q✉❡♥t❧②
❜❡❝❛✉s❡ ♦❢ t❤❡ ❝♦st ❛♥❞ t✐♠❡ ♦❢ t❤❡ ❢♦r♠❡r ❛♥❞ t❤❡ ✉♥❛✈❛✐❧❛❜✐❧✐t② ♦❢ t❤❡ ❧❛tt❡r✳ ❙❡❝♦♥❞✱
❛♥② ✐♥❞✐✈✐❞✉❛❧ ♦r ✜r♠✱ ❛♥②✇❤❡r❡ ✐♥ P♦rt✉❣❛❧ ♦r ❛❜r♦❛❞✱ ❝❛♥ ❡st❛❜❧✐s❤ ❛ ✜r♠ ✐♥ ❛♥② ♦♥❡✲
st♦♣ s❤♦♣✱ r❡❣❛r❞❧❡ss ♦❢ t❤❡ ❧♦❝❛t✐♦♥ ♦❢ t❤❡ ❝♦♠♣❛♥②✬s ❤❡❛❞q✉❛rt❡rs✳ ❆❧t❤♦✉❣❤ ✜r♠s ❛r❡
❛❧❧♦✇❡❞ t♦ r❡❣✐st❡r ✐♥ ♦♥❡ ❝♦✉♥t② ❛♥❞ ♦♣❡r❛t❡ ✐♥ ❛♥♦t❤❡r✱ t❤✐s ✐s ♥♦t t❤❡ ✉s✉❛❧ ♣r♦❝❡❞✉r❡✱ ❛♥❞
❞✐s❝✉ss✐♦♥s ✇✐t❤ ❣♦✈❡r♥♠❡♥t ♦✣❝✐❛❧s str♦♥❣❧② s✉❣❣❡st❡❞ t❤❛t t❤❡ ❢r❛❝t✐♦♥ ♦❢ ✜r♠s r❡❣✐st❡r✐♥❣
♦✉ts✐❞❡ t❤❡✐r ❝♦✉♥t② ♦❢ ♦♣❡r❛t✐♦♥ ✇❛s tr✐✈✐❛❧❧② s♠❛❧❧✳ ■♥ s❤♦rt✱ ♦✈❡r t❤❡ t✐♠❡ ♣❡r✐♦❞ ✇❡ st✉❞②✱
✷✵✵✵✲✷✵✵✽✱ t❤❡r❡ ✇❛s ❝♦♥s✐❞❡r❛❜❧❡ ✈❛r✐❛t✐♦♥ ❛❝r♦ss r❡❣✐♦♥s ❛♥❞ t✐♠❡ ✐♥ ❜✉s✐♥❡ss r❡❣✐str❛t✐♦♥
❝♦sts ❛♥❞ ♣r♦❝❡❞✉r❡s✳ ❲❡ ✇✐❧❧ ❡①♣❧♦✐t t❤✐s ✈❛r✐❛t✐♦♥ ✐♥ ♣♦❧✐❝② ✉s✐♥❣ t❤❡ r✐❝❤ ❞❛t❛ ❞❡s❝r✐❜❡❞
❜❡❧♦✇✳

✺ ❉❛t❛ ❛♥❞ ❉❡s❝r✐♣t✐✈❡ ❙t❛t✐st✐❝s

❚❤❡ ❞❛t❛ ❢♦r ♦✉r ❡♠♣✐r✐❝❛❧ ❛♥❛❧②s✐s ❝♦♠❡ ❢r♦♠ ❛♥ ❡①tr❛♦r❞✐♥❛r② ♠❛t❝❤❡❞ ❡♠♣❧♦②❡r✲❡♠♣❧♦②❡❡
❞❛t❛s❡t ✭◗✉❛❞r♦s ❞❡ P❡ss♦❛❧ ♦r ❙■❙❊❉ ✲ ❙✐st❡♠❛ ❞❡ ■♥❢♦r♠❛çã♦ ❞❡ ❙❛❧ár✐♦s✱ ❊♠♣r❡❣♦ ❡ ❉✉✲
r❛çã♦ ❞♦ ❚r❛❜❛❧❤♦✮✱ ❜✉✐❧t ✉s✐♥❣ ❛ ♠❛♥❞❛t♦r② s✉r✈❡② s✉❜♠✐tt❡❞ ❛♥♥✉❛❧❧② ❜② ✜r♠s ✇✐t❤ ❛t ❧❡❛st
♦♥❡ ❡♠♣❧♦②❡❡ t♦ t❤❡ P♦rt✉❣✉❡s❡ ▼✐♥✐str② ♦❢ ❊♠♣❧♦②♠❡♥t ❛♥❞ ❙♦❝✐❛❧ ❙❡❝✉r✐t②✳ ❚❤❡s❡ ❞❛t❛
✐♥❝❧✉❞❡ ✐♥❢♦r♠❛t✐♦♥ ♦♥ ❛♥ ❛✈❡r❛❣❡ ♦❢ ✷✷✼✱✵✵✵ ✜r♠s ❛♥❞ t✇♦ ♠✐❧❧✐♦♥ ✐♥❞✐✈✐❞✉❛❧s ♣❡r ②❡❛r✱ ❝♦✈✲
❡r✐♥❣ ✈✐rt✉❛❧❧② ❛❧❧ ❡♠♣❧♦②❡❡s ❛♥❞ ✜r♠s ✐♥ t❤❡ P♦rt✉❣✉❡s❡ ♣r✐✈❛t❡ s❡❝t♦r✳ ❆s ✐♥❞✐✈✐❞✉❛❧s ❛♥❞
✜r♠s ❛r❡ ❝r♦ss✲r❡❢❡r❡♥❝❡❞ ❜② ❛ ✉♥✐q✉❡ ✐❞❡♥t✐✜❡r✱ t❤❡ ❞❛t❛ ♠❛❦❡ ✐t ♣♦ss✐❜❧❡ t♦ ♠❛t❝❤ ❢♦✉♥❞❡rs
✇✐t❤ t❤❡✐r ✜r♠s ❝❤❛r❛❝t❡r✐st✐❝s✳ ❊❛❝❤ ②❡❛r✱ ✜r♠s r❡♣♦rt t❤❡✐r ②❡❛r ♦❢ ❝♦♥st✐t✉t✐♦♥✱ ❧♦❝❛t✐♦♥✱
✐♥❞✉str② ❝❧❛ss✐✜❝❛t✐♦♥✱ ♥✉♠❜❡r ♦❢ ❡♠♣❧♦②❡❡s✱ ♥✉♠❜❡r ♦❢ ❡st❛❜❧✐s❤♠❡♥ts✱ ✐♥✐t✐❛❧ ❝❛♣✐t❛❧✱ ❛♥❞
♦✇♥❡rs❤✐♣ str✉❝t✉r❡✳ ❆t t❤❡ ✐♥❞✐✈✐❞✉❛❧ ❧❡✈❡❧✱ t❤❡ ❞❛t❛ ♣r♦✈✐❞❡ ✐♥❢♦r♠❛t✐♦♥ ♦♥ ❣❡♥❞❡r✱ ❛❣❡✱
❞❛t❡ ♦❢ ❤✐r❡✱ ❡❞✉❝❛t✐♦♥✱ ♦❝❝✉♣❛t✐♦♥✱ ✇♦r❦✐♥❣ ❤♦✉rs✱ ❛♥❞ ❡❛r♥✐♥❣s✳

❲❡ s✉♣♣❧❡♠❡♥t t❤❡s❡ ❞❛t❛ ✇✐t❤ ✐♥❢♦r♠❛t✐♦♥ ❢r♦♠ ♦t❤❡r s♦✉r❝❡s✳ ■♥❢♦r♠❛t✐♦♥ ♦♥ t❤❡
♦♣❡♥✐♥❣ ❞❛t❡ ♦❢ ❡❛❝❤ ♦♥❡✲st♦♣ s❤♦♣ ✇❛s ♦❜t❛✐♥❡❞ ❢r♦♠ t❤❡ ■♥st✐t✉t❡ ♦❢ ❘❡❣✐str❛t✐♦♥ ❛♥❞
◆♦t❛r✐③❛t✐♦♥ ✭■♥st✐t✉t♦ ❞♦s ❘❡❣✐st♦s ❡ ❞♦ ◆♦t❛r✐❛❞♦✮ ❛t t❤❡ ▼✐♥✐str② ♦❢ ❏✉st✐❝❡✳✶✼ ❈♦✉♥t②✲
❧❡✈❡❧ ❞❛t❛ ♦♥ ✐♥❤❛❜✐t❛♥ts✱ ❣r♦ss ❞♦♠❡st✐❝ ♣r♦❞✉❝t✱ ❛♥❞ ❛♥ ✐♥❞✉str✐❛❧ ♣r♦❞✉❝t✐♦♥ ✐♥❞❡① ❛r❡
❢r♦♠ t❤❡ ◆❛t✐♦♥❛❧ ❙t❛t✐st✐❝ ❖✣❝❡✳

❖✉r ♠❛t❝❤❡❞ ❡♠♣❧♦②❡r✲❡♠♣❧♦②❡❡ ❞❛t❛ ✐♥❝❧✉❞❡s ✶✼✼✱✺✾✺ st❛rt✲✉♣s ❡st❛❜❧✐s❤❡❞ ✐♥ ❡❧✐❣✐❜❧❡
✐♥❞✉str✐❡s ❢♦r ✇❤✐❝❤ ✇❡ ❤❛✈❡ ❛ ♣r❡❝✐s❡ ❢♦✉♥❞✐♥❣ ❞❛t❡ t❤❛t ❧✐❡s ❜❡t✇❡❡♥ ✷✵✵✵ ❛♥❞ ✷✵✵✽✳ ❲❡ ✉s❡
t❤❡s❡ ✜r♠s ❛♥❞ t❤❡✐r ❝❤❛r❛❝t❡r✐st✐❝s t♦ st✉❞② t❤❡ ✐♠♣❛❝t ♦❢ t❤❡ ✏❖♥ t❤❡ ❙♣♦t ❋✐r♠✑ ♣r♦❣r❛♠
♦♥ ✜r♠ ❡♥tr② ❛♥❞ ❥♦❜ ❝r❡❛t✐♦♥✳ ❋♦r t❤❡s❡ ♥❡✇ ✜r♠s✱ ✇❡ ✐❞❡♥t✐❢② t❤❡ ❢♦✉♥❞❡rs ❛♥❞ t❤❡✐r

✶✻❚❤❡ ❝✐t✐③❡♥s ❝❛r❞ ✐s ❛ ♥♦♥✲♠❛♥❞❛t♦r② ❞♦❝✉♠❡♥t✱ ✐♥tr♦❞✉❝❡❞ ✐♥ ❋❡❜r✉❛r② ✷✵✵✼ ✭▲❡✐ ✼✴✷✵✵✼ ✮ ✇✐t❤ t❤❡ ❣♦❛❧
♦❢ ❛❧❧♦✇✐♥❣ ✐♥❞✐✈✐❞✉❛❧s t♦ ✐❞❡♥t✐❢② t❤❡♠s❡❧✈❡s ✇❤❡♥ ❞❡❛❧✐♥❣ ✇✐t❤ ❝♦♠♣✉t❡r✐③❡❞ s❡r✈✐❝❡s ❛♥❞ t♦ ❛✉t❤❡♥t✐❝❛t❡
❡❧❡❝tr♦♥✐❝ ❞♦❝✉♠❡♥ts✳

✶✼❚❤❡ ❝♦♠♣❧❡t❡ ❧✐st ♦❢ ❝♦✉♥t✐❡s ✇✐t❤ ❛♥ ♦♥❡✲st♦♣ s❤♦♣ ❜② ❉❡❝❡♠❜❡r ✷✵✵✾ ❛♥❞ t❤❡✐r r❡s♣❡❝t✐✈❡ ♦♣❡♥✐♥❣ ❞❛t❡
✐s ♣r♦✈✐❞❡❞ ✐♥ ❆♣♣❡♥❞✐① ❆✳✷✳

✶✶



❜❛❝❦❣r♦✉♥❞ ❤✐st♦r②✳ ❲❡ ❡①❝❧✉❞❡ ✜r♠s ❢♦r ✇❤✐❝❤ ✇❡ ❝♦✉❧❞ ♥♦t ✐❞❡♥t✐❢② ❛t ❧❡❛st ♦♥❡ ♦✇♥❡r ♦r
t❤❡ ❜❛❝❦❣r♦✉♥❞ ❤✐st♦r② ♦❢ t❤❡ ❢♦✉♥❞❡r✳✶✽ ❲❡ ❛❧s♦ r❡str✐❝t t❤❡ s❛♠♣❧❡ t♦ ❢♦✉♥❞❡rs ✇✐t❤ ❛❣❡
❜❡t✇❡❡♥ ✷✵ ❛♥❞ ✻✵✳ ■♥ t♦t❛❧✱ ✇❡ ❡♥❞❡❞ ✉♣ ✇✐t❤ ✶✸✾✱✽✻✽ ❢♦✉♥❞❡rs ♦❢ ✾✹✱✺✽✻ ♥❡✇ ✜r♠s✳ ❚❤✐s
❡♥tr❡♣r❡♥❡✉rs s❛♠♣❧❡ ✐s ✉s❡❞ t♦ ❡✈❛❧✉❛t❡ t❤❡ ✐♠♣❛❝t ♦❢ t❤❡ ♣r♦❣r❛♠ ♦♥ ✜r♠ s✉r✈✐✈❛❧✳

■♥ ❛❞❞✐t✐♦♥✱ ✇❡ ❞r❛✇ ❛ ✸✵ ♣❡r❝❡♥t r❛♥❞♦♠ s❛♠♣❧❡ ♦❢ ❛❧❧ ✐♥❞✐✈✐❞✉❛❧s ✇❤♦ ✇❡r❡ ❡♠♣❧♦②❡❡s
✐♥ ❡❧✐❣✐❜❧❡ ✜r♠s ❜❡t✇❡❡♥ t❤❡ ♣❡r✐♦❞ ♦❢ ✷✵✵✵ ❛♥❞ ✷✵✵✽✱✶✾ ✇✐t❤✐♥ t❤❡ s❛♠❡ ❛❣❡ r❛♥❣❡ ✭✷✵ t♦
✻✵✮ ❛♥❞ ✇✐t❤ ❦♥♦✇♥ ❧❛❜♦r ♠❛r❦❡t ❤✐st♦r✐❡s✳ ❚❤❡♥ ✇❡ ♠❡r❣❡ t❤❡ ❧❛tt❡r s❛♠♣❧❡ ✇✐t❤ t❤❡
❡♥tr❡♣r❡♥❡✉rs s❛♠♣❧❡✳ ❚❤✐s ❛❧❧♦✇s ✉s t♦ ❝♦♠♣❛r❡ ❝❤❛r❛❝t❡r✐st✐❝s ♦❢ ✜r♠ ❢♦✉♥❞❡rs ❛♥❞ ♥♦♥✲
❢♦✉♥❞❡rs ✐♥ s♣❡❝✐✜❝ ②❡❛rs✳ ■♥ t♦t❛❧✱ ✇❡ t❤❡♥ ❤❛✈❡ ❛ s❛♠♣❧❡ ♦❢ ✺✱✵✼✶✱✻✷✼ ✐♥❞✐✈✐❞✉❛❧s✱ ♦❢ ✇❤♦♠
✸✸✱✾✺✽ ❛r❡ ❡♥tr❡♣r❡♥❡✉rs✳ ❚❤❡s❡ ❞❛t❛ ❛❧❧♦✇ ✉s t♦ ❡✈❛❧✉❛t❡ t❤❡ ✐♠♣❛❝t ♦❢ t❤❡ ♣r♦❣r❛♠ ♦♥ t❤❡
❞❡❝✐s✐♦♥ t♦ ❜❡❝♦♠❡ ❛♥ ❡♥tr❡♣r❡♥❡✉r✳

❖✉r ❜❛s✐❝ ❡♠♣✐r✐❝❛❧ str❛t❡❣②✱ ❞✐s❝✉ss❡❞ ❜❡❧♦✇✱ ✐s t♦ ❝♦♠♣❛r❡ ❝♦✉♥t②✲❧❡✈❡❧ ❡❝♦♥♦♠✐❝ ♦✉t✲
❝♦♠❡s ❜❡❢♦r❡ ❛♥❞ ❛❢t❡r t❤❡ ✐♥tr♦❞✉❝t✐♦♥ ♦❢ t❤❡ ♦♥❡✲st♦♣ s❤♦♣s✳ ❚❛❜❧❡ ✷ ♣r♦✈✐❞❡s ✈❛r✐♦✉s
❞❡s❝r✐♣t✐✈❡ st❛t✐st✐❝s ❢♦r s✉❝❤ ❝♦✉♥t✐❡s✳ ■♥ ✜rst ❝♦❧✉♠♥ ✇❡ ❣✐✈❡ st❛t✐st✐❝s ❢♦r t❤❡ ✶✷ ♠♦♥t❤s
♣r✐♦r t♦ t❤❡ ♦♣❡♥✐♥❣ ♦❢ t❤❡ ♦♥❡✲st♦♣ s❤♦♣✱ ✐♥ t❤❡ s❡❝♦♥❞ ❝♦❧✉♠♥ ✇❡ ♣r♦✈✐❞❡ st❛t✐st✐❝s ❢♦r t❤❡
✶✷ ♠♦♥t❤s ❛❢t❡r t❤❡ ♦♣❡♥✐♥❣✱ ❛♥❞ t❤❡ t❤✐r❞ ❝♦❧✉♠♥ ✇❡ r❡❝♦r❞ t❤❡ ❞✐✛❡r❡♥❝❡✳ ■♥ ❣❡♥❡r❛❧✱ t❤❡
♦♣❡♥✐♥❣ ♦❢ ❛ ♦♥❡✲st♦♣ s❤♦♣ ✐s ❛ss♦❝✐❛t❡❞ ✇✐t❤ ❛♥ ✐♥❝r❡❛s❡ ✐♥ ♥✉♠❜❡r ♦❢ ✜r♠s ❛♥❞ ❥♦❜s ❝r❡❛t❡❞
✭t❤♦✉❣❤ t❤✐s ✐♥❝r❡❛s❡ ✐s st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t ♦♥❧② ✐♥ t❤❡ ❢♦r♠❡r ❝❛s❡✮✳ ❋✐r♠s ❡st❛❜❧✐s❤❡❞
❛❢t❡r t❤❡ ♣r♦❣r❛♠ ✐♥tr♦❞✉❝t✐♦♥ ❤❛✈❡ ❢❡✇❡r ❡♠♣❧♦②❡❡s✱ ❛♥❞ ❧♦✇ s✉❜s❡q✉❡♥t ♣r♦❜❛❜✐❧✐t② ♦❢ s✉r✲
✈✐✈✐♥❣ ✐♥ t❤❡ ✜rst t✇♦ ②❡❛rs✳ ■♥ t❡r♠s ♦❢ t❤❡ ❢♦✉♥❞❡r ❝❤❛r❛❝t❡r✐st✐❝s✱ ❛❢t❡r t❤❡ ♣r♦❣r❛♠ ✐s
✐♥tr♦❞✉❝❡❞ ❡♥tr❡♣r❡♥❡✉rs ❛r❡ ❧❡ss ❧✐❦❡❧② t♦ ❜❡ ♠❛❧❡✱ ❛r❡ s❧✐❣❤t❧② ♦❧❞❡r✱ ❛♥❞ ❛r❡ ❧❡ss ❡①♣❡r✐❡♥❝❡❞
✭t❤♦✉❣❤ t❤❡ ❝❤❛♥❣❡s ✐♥ t❤❡ ✜rst t✇♦ ❢❡❛t✉r❡s ❛r❡ ♥♦t st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t✮✳ ❚♦ ♠❛❦❡ t❤❡
❧❛t❡r ♣♦✐♥t✱ ✇❡ ❢♦❝✉s❡❞ ♦♥ t✇♦ ❝❛t❡❣♦r✐❡s ♦❢ ❡♥tr❡♣r❡♥❡✉rs✿ ✏♥♦✈✐❝❡ ❡♥tr❡♣r❡♥❡✉rs✱✑ ✇❤♦ ❤❛✈❡
♥♦t ♣r❡✈✐♦✉s❧② ❡st❛❜❧✐s❤❡❞ ❛ ✜r♠✱ ❜✉t ✇❤♦ ❞♦ ❤❛✈❡ ♣r❡✈✐♦✉s ❧❛❜♦r ❡①♣❡r✐❡♥❝❡✱ ❛♥❞ ✏❤❛❜✐t✉❛❧
❡♥tr❡♣r❡♥❡✉rs✱✑ ✇❤♦ ❤❛✈❡ ❜♦t❤ ♣r❡✈✐♦✉s ❡♥tr❡♣r❡♥❡✉r✐❛❧ ❛♥❞ ❧❛❜♦r ❡①♣❡r✐❡♥❝❡✳ ❲❡ ♥♦t✐❝❡
t❤❛t ❛❢t❡r t❤❡ ♦♣❡♥✐♥❣ ♦❢ ♦♥❡✲st♦♣ s❤♦♣s✱ t❤❡r❡ ✐s ❛ t❤r❡❡ ♣❡r❝❡♥t ✐♥❝r❡❛s❡ ✐♥ t❤❡ ♣r♦♣♦rt✐♦♥
♦❢ ♥♦✈✐❝❡ ❡♥tr❡♣r❡♥❡✉rs ❛♥❞ ❛ t✇♦ ♣❡r❝❡♥t ❞❡❝❧✐♥❡ ✐♥ ❤❛❜✐t✉❛❧ ❡♥tr❡♣r❡♥❡✉rs✳

✻ ❊♠♣✐r✐❝❛❧ ▼❡t❤♦❞♦❧♦❣② ❛♥❞ ❘❡s✉❧ts

■♥ t❤✐s s❡❝t✐♦♥ ✇❡ ♣r❡s❡♥t ❡st✐♠❛t❡s ♦❢ t❤❡ ✐♠♣❛❝t ♦❢ t❤❡ P♦rt✉❣✉❡s❡ r❡❢♦r♠ ♦♥ ❡♥tr❡♣r❡♥❡✉r✐❛❧
♦✉t❝♦♠❡s✖❡♥tr②✱ ❥♦❜ ❝r❡❛t✐♦♥✱ ✜r♠ s✐③❡ ❛♥❞ s✉r✈✐✈❛❧✖✉s✐♥❣ ❛ s✐♠♣❧❡ ❞✐✛❡r❡♥❝❡s✲✐♥✲❞✐✛❡r❡♥❝❡s
❛♣♣r♦❛❝❤✳ ❊❧✐❣✐❜❧❡ ✜r♠s ❛♥❞ ✐♥❞✐✈✐❞✉❛❧s ✐♥ ❝♦✉♥t✐❡s ✇✐t❤ ♦♥❡✲st♦♣ s❤♦♣s ❝♦♥st✐t✉t❡ t❤❡ ✏tr❡❛t✲
♠❡♥t ❣r♦✉♣✱✑ ✇❤✐❝❤ ✐s ❝♦♠♣❛r❡❞ t♦ ❛ ✏❝♦♥tr♦❧ ❣r♦✉♣✑ ✇✐t❤ ♥♦ ♦♥❡✲st♦♣ s❤♦♣✳ ▼♦r❡ ♣r❡❝✐s❡❧②✱
✇❡ ❡st✐♠❛t❡ r❡❣r❡ss✐♦♥s ✐♥ ✇❤✐❝❤ t❤❡ ♦✉t❝♦♠❡ ✈❛r✐❛❜❧❡ ♦❢ ✐♥t❡r❡st ✐s ❡st✐♠❛t❡❞ ❛s ❛ ❢✉♥❝t✐♦♥
♦❢ ✐♥❞✐❝❛t♦r ✈❛r✐❛❜❧❡s t❤❛t ♠❡❛s✉r❡ s❡❛s♦♥❛❧ ❡✛❡❝ts✱ ❝♦✉♥t②✲t✐♠❡ ✜①❡❞ ❡✛❡❝ts✱ ❛♥❞ ♦❢ ❝♦✉rs❡
♦✉r ❦❡② ✐♥❞✐❝❛t♦r ✈❛r✐❛❜❧❡ t❤❛t ❡q✉❛❧s ♦♥❡ ✇❤❡♥ t❤❡ r❡❢♦r♠ t❛❦❡s ♣❧❛❝❡ ✇✐t❤✐♥ ❛ ❝♦✉♥t②✳
❖✉r ✐❞❡♥t✐✜❝❛t✐♦♥ str❛t❡❣② r❡❧✐❡s✱ ♦❢ ❝♦✉rs❡✱ ♦♥ ❛♥ ❛ss✉♠♣t✐♦♥ t❤❛t t❤❡ ♣r♦❣r❛♠ ✐s ♥♦t ❜❡✐♥❣

✶✽❋♦r t❤❡ ❡♠♣❧♦②❡❡s✱ t❤❡ ❞❛t❛ ✐♥❝❧✉❞❡ s♦♠❡ ❝❛s❡s ✐♥ ✇❤✐❝❤ t❤❡ r❡❝♦r❞ ❝❤❛♥❣❡s ✐♥ ❣❡♥❞❡r ❛♥❞ ②❡❛r ♦❢ ❜✐rt❤✳
❲❡ ❝♦♥s✐❞❡r ♦❜s❡r✈❛t✐♦♥s ✇✐t❤ ♠✉❧t✐♣❧❡ ❝❤❛♥❣❡s ✐♥ t❤❡ ❣❡♥❞❡r ♦r ②❡❛r ♦❢ ❜✐rt❤ t♦ ❜❡ ❡rr♦rs✱ ❝♦rr❡s♣♦♥❞✐♥❣ t♦
✐♥❞✐✈✐❞✉❛❧s ✇❤♦s❡ ✐❞❡♥t✐✜❝❛t✐♦♥ ♥✉♠❜❡r ✇❛s ♥♦t r❡❝♦r❞❡❞✱ ♦r ✇r♦♥❣❧② ✐❞❡♥t✐✜❡❞ ❜② t❤❡ r❡s♣♦♥❞❡♥t✳ ❲❡ ❞r♦♣
✐♥❞✐✈✐❞✉❛❧s ✇❤♦s❡ ❣❡♥❞❡r ❛♥❞ ②❡❛r ❜✐rt❤ ❝❤❛♥❣❡ ✐♥ ♠♦r❡ t❤❛♥ ✼✵ ♣❡r❝❡♥t ♦❢ t❤❡ t♦t❛❧ ♥✉♠❜❡r ♦❢ ♦❜s❡r✈❛t✐♦♥s✳

✶✾❲❡ ❡①❝❧✉❞❡ t❤❡ ②❡❛r ✷✵✵✶ ❜❡❝❛✉s❡ t❤❡r❡ ❛r❡ ♥♦ ❞❛t❛ ❛✈❛✐❧❛❜❧❡ ❢♦r ✇♦r❦❡rs t❤❛t ②❡❛r✳

✶✷



r♦❧❧❡❞ ♦✉t ✐♥ ❛ ✇❛② t❤❛t ❝♦rr❡❧❛t❡s ✇✐t❤ ♣r❡✲❡①✐st✐♥❣ tr❡♥❞s ✐♥ t❤❡ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡s ♦❢
✐♥t❡r❡st✳ ❋♦r ❡①❛♠♣❧❡✱ ♦✉r str❛t❡❣② ✇♦✉❧❞ ❣✐✈❡ ♠✐s❧❡❛❞✐♥❣ ✐♥❢❡r❡♥❝❡s ✐❢ t❤❡ ♦♥❡✲st♦♣ s❤♦♣s
✇❡r❡ ♣✉r♣♦s❡❧② ✐♥tr♦❞✉❝❡❞ ✐♥ ❧♦❝❛t✐♦♥s t❤❛t ✐♥✐t✐❛❧❧② ✇❡r❡ ❡①♣❡r✐❡♥❝❡ r❛♣✐❞ ❥♦❜ ❣r♦✇t❤✳ ❲❡
❝♦♥❞✉❝t s♦♠❡ ❛♥❛❧②s✐s ❜❡❧♦✇ t❤❛t s✉❣❣❡sts ♦✉r ❛ss✉♠♣t✐♦♥ ✐s ❝r❡❞✐❜❧❡✳ ❆s ❛♥ ✐♥✐t✐❛❧ ❝❤❡❝❦
♦❢ t❤✐s ✐ss✉❡✱ t❤♦✉❣❤✱ ✇❡ ✐♥✈❡st✐❣❛t❡❞ ✇❤❡t❤❡r ✏❡❛r❧② ❛❞♦♣t✐♥❣✑ ❝♦✉♥t✐❡s ✭✇❤✐❝❤ ❡st❛❜❧✐s❤❡❞
♦♥❡✲st♦♣ s❤♦♣s ❜❡t✇❡❡♥ ❏✉❧② ✷✵✵✺ ❛♥❞ ❏✉♥❡ ✷✵✵✼✮ ❞✐✛❡r❡❞ ❢r♦♠ ✏❧❛t❡ ❛❞♦♣t✐♥❣✑ ❝♦✉♥t✐❡s
✭✇❤✐❝❤ ❡st❛❜❧✐s❤❡❞ ♦♥❡✲st♦♣ s❤♦♣s ❜❡t✇❡❡♥ ❏✉❧② ✷✵✵✼ ❛♥❞ ❉❡❝❡♠❜❡r ✷✵✵✽✮ ✐♥ t❡r♠s ♦❢ ✐♥✐t✐❛❧
❣r♦✇t❤ tr❡♥❞s ✭✷✵✵✵ t❤r♦✉❣❤ ✷✵✵✹✮ ♦❢ t♦t❛❧ s❛❧❡s✱ s❛❧❡s ♦❢ ♥❡✇ ✜r♠s✱ ♥✉♠❜❡r ♦❢ ✜r♠s✱ ♥✉♠❜❡r
♦❢ ♥❡✇ ✜r♠s ❛♥❞ ♣✉r❝❤❛s✐♥❣ ♣♦✇❡r✳ ❲❡ ✜♥❞ ♥♦ s✐❣♥✐✜❝❛♥t ❞✐✛❡r❡♥❝❡ ❜❡t✇❡❡♥ ❝♦✉♥t✐❡s✳

✻✳✶ ❋✐r♠ ❊♥tr② ❛♥❞ ❏♦❜ ❈r❡❛t✐♦♥

❲❡ st❛rt ❜② ❞❡t❡r♠✐♥✐♥❣ t❤❡ ❡✛❡❝t ♦❢ ❜✉s✐♥❡ss r❡❣✐str❛t✐♦♥ r❡❢♦r♠ ♦♥ ✜r♠ ❡♥tr②✳ ▲❡t Ycmy ❜❡
t❤❡ ♥✉♠❜❡r ♦❢ ♥❡✇❧② ❢♦r♠❡❞ ✜r♠s ♣❡r ✶✵✵✱✵✵✵ ✐♥❤❛❜✐t❛♥ts ✐♥ ❝♦✉♥t② c✱ ♠♦♥t❤ m ❛♥❞ ②❡❛r y✳
❲❡ ❡st✐♠❛t❡✱ ❢♦r t❤❡ ✸✵✽ ❝♦✉♥t✐❡s ✐♥ P♦rt✉❣❛❧ ❛♥❞ ♦✈❡r t❤❡ t✐♠❡ ♣❡r✐♦❞ ✷✵✵✵ t❤r♦✉❣❤ ✷✵✵✽✱

Ycmy =
12
∑

m=1

αm +
308
∑

c=1

2008
∑

y=2000

νcy + δImy + θZcmy + ǫcmy ✭✾✮

✇❤❡r❡ αm ❝♦♥tr♦❧s ❢♦r s❡❛s♦♥❛❧ ❡✛❡❝ts ✐♥ ✜r♠ ❡♥tr②✱✷✵ νcy ❛r❡ ❝♦✉♥t②✴②❡❛r ✜①❡❞ ❡✛❡❝ts✱ Imy ✐s
❛ ♠♦♥t❤❧② ✐♥❞❡① ♦❢ ✐♥❞✉str✐❛❧ ♣r♦❞✉❝t✐♦♥ ❢♦r t❤❡ ❝♦✉♥tr②✱ ✇❤✐❝❤ ❢✉rt❤❡r ❝♦♥tr♦❧s ❢♦r ❡❝♦♥♦♠✐❝
❛❝t✐✈✐t②✱ ❛♥❞✱ Zcmy ✐s t❤❡ ❦❡② ✈❛r✐❛❜❧❡ ♦❢ ✐♥t❡r❡st✖❛♥ ✐♥❞✐❝❛t♦r ✈❛r✐❛❜❧❡ t❤❛t ❡q✉❛❧s ♦♥❡ ❛t t❤❡
♦♣❡♥✐♥❣ ♠♦♥t❤ ♦❢ t❤❡ ♦♥❡✲st♦♣ s❤♦♣ ❛♥❞ ❛❧❧ s✉❜s❡q✉❡♥t ♠♦♥t❤s ✭❛♥❞ ③❡r♦ ♦t❤❡r✇✐s❡✮✳ ◆♦t✐❝❡
t❤❛t ❜❡❝❛✉s❡ ♦❢ ♦✉r ✐♥❝❧✉s✐♦♥s ♦❢ ❝♦✉♥t②✴②❡❛r ✜①❡❞ ❡✛❡❝ts✱ ✐❞❡♥t✐✜❝❛t✐♦♥ ❤❡r❡ ❝♦♠❡s ❢r♦♠
❝♦♠♣❛r✐s♦♥ ♦❢ ✜r♠ ❡♥tr② r❛t❡s ✇✐t❤✐♥ ❛ ♣❛rt✐❝✉❧❛r ❝♦✉♥t② ✐♥ ♠♦♥t❤s ✐♠♠❡❞✐❛t❡❧② ❜❡❢♦r❡
t❤❡ ✐♥tr♦❞✉❝t✐♦♥ ♦❢ t❤❡ ♦♥❡✲st♦♣ s❤♦♣ t♦ t❤❡ ✜r♠ ❡♥tr② r❛t❡s ✐♥ t❤❡ ♠♦♥t❤s ✐♠♠❡❞✐❛t❡❧②
t❤❡r❡❛❢t❡r✳ ❙t❛♥❞❛r❞ ❡rr♦rs ❢♦r t❤✐s ❛♥❞ ❛❧❧ s✉❜s❡q✉❡♥t r❡❣r❡ss✐♦♥s ❛r❡ ❝❧✉st❡r❡❞ ❛t t❤❡ ❝♦✉♥t②
❧❡✈❡❧✳

❈♦❧✉♠♥ ✭✶✮ ♦❢ P❛♥❡❧ ❆ ✐♥ ❚❛❜❧❡ ✸ ♣r❡s❡♥ts ❡st✐♠❛t❡s✳ ❖✉r t❤❡♦r② ❧❡❛❞s ✉s t♦ ❡①♣❡❝t t❤❡
♦♣❡♥✐♥❣ ♦❢ ♦♥❡✲st♦♣ s❤♦♣s t♦ ❧❡❛❞ t♦ ❛♥ ✐♥❝r❡❛s❡ ✐♥ ✜r♠ ❡♥tr②✱ ✐✳❡✳✱ t❤❛t t❤❡ ❡st✐♠❛t❡ ♦❢ θ
s❤♦✉❧❞ ❜❡ ♣♦s✐t✐✈❡✳ ■♥ ❢❛❝t✱ ✇❡ ✜♥❞ t❤❛t t❤❡ ✐♥tr♦❞✉❝t✐♦♥ ♦❢ t❤❡ ♦♥❡✲st♦♣ s❤♦♣ ✐s ❛ss♦❝✐❛t❡❞
✇✐t❤ ❛♥ ✐♥❝r❡❛s❡ ✐♥ t❤❡ ♥✉♠❜❡r ♦❢ ♥❡✇ ✜r♠s ♣❡r ✶✵✵✱✵✵✵ ✐♥❤❛❜✐t❛♥ts ♦❢ ❛♣♣r♦①✐♠❛t❡❧② t✇♦✱
✇❤✐❝❤ ✐s ❛♥ ❛♣♣r♦①✐♠❛t❡❧② ✶✼ ♣❡r❝❡♥t ✐♥❝r❡❛s❡✳

P❛♥❡❧ ❇ ✐♥ ❚❛❜❧❡ ✸ ✉s❡s t❤❡ s❛♠❡ s♣❡❝✐✜❝❛t✐♦♥ t♦ ❡①❛♠✐♥❡ t❤❡ ✐♠♣❛❝t ♦❢ t❤❡ ♦♥❡✲st♦♣
s❤♦♣ r❡❢♦r♠ ♦♥ ✐♥✐t✐❛❧ ❡♠♣❧♦②♠❡♥t✳ ■♥ t❤✐s ❝❛s❡✱ t❤❡ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡ ✐♥ ✭✾✮ ✐s t❤❡ ✐♥✐t✐❛❧
♥✉♠❜❡r ♦❢ ❡♠♣❧♦②❡❡s ♦❢ st❛rt✲✉♣s ❛t t❤❡ ❝♦✉♥t② ❧❡✈❡❧ ✭♣❡r ✶✵✵✱✵✵✵ ✐♥❤❛❜✐t❛♥ts✮✳ ❆s ♣r❡❞✐❝t❡❞✱
t❤❡ ❝♦❡✣❝✐❡♥t ✐s ♣♦s✐t✐✈❡❀ ✇❡ ❡st✐♠❛t❡ t❤❛t t❤❡ r❡❢♦r♠ ✐s ❛ss♦❝✐❛t❡❞ ✇✐t❤ ❛♥ ✐♥❝r❡❛s❡ ✐♥ ✐♥✐t✐❛❧
❡♠♣❧♦②♠❡♥t ✐♥ ♥❡✇ ✜r♠s ♦❢ ✼ ♣❡r ✶✵✵✱✵✵✵✱ ❝♦rr❡s♣♦♥❞✐♥❣ t♦ ❛♥ ✐♥❝r❡❛s❡ ♦❢ ❛♣♣r♦①✐♠❛t❡❧②
✷✷ ♣❡r❝❡♥t✳

❆s ✇❡ ❤❛✈❡ ♠❡♥t✐♦♥❡❞✱ t❤❡ ❦❡② t♦ ♦✉r ✐❞❡♥t✐✜❝❛t✐♦♥ str❛t❡❣② ✐s ❛♥ ❛ss✉♠♣t✐♦♥ t❤❛t
❛❞♠✐♥✐str❛t✐✈❡ ❞❡❝✐s✐♦♥s t♦ t❤❡ ♦♣❡♥ ♦♥❡✲st♦♣ s❤♦♣s ✐♥ ♣❛rt✐❝✉❧❛r ❝♦✉♥t✐❡s ❛♥❞ t✐♠❡ ♣❡r✐♦❞s

✷✵❆s ✐t t✉r♥s ♦✉t✱ ❡♥tr② ✐s ❣❡♥❡r❛❧❧② str♦♥❣❡r ✐♥ t❤❡ ✜rst t❤r❡❡ ♠♦♥t❤s ♦❢ ❛ ②❡❛r✱ s❧♦✇❡r ✐♥ t❤❡ s✉♠♠❡r✱
str♦♥❣❡r ✐♥ ❡❛r❧② ❢❛❧❧✱ ❛♥❞ s❧♦✇❡r ❛❣❛✐♥ ✐♥ ◆♦✈❡♠❜❡r ❛♥❞ ❉❡❝❡♠❜❡r✳

✶✸



❛r❡ ♥♦t ❝♦rr❡❧❛t❡❞ ✇✐t❤ ❡①✐st✐♥❣ tr❡♥❞s ✐♥ ✜r♠ ❢♦r♠❛t✐♦♥ ♦r ❡❝♦♥♦♠✐❝ ❣r♦✇t❤ ✇✐t❤✐♥ ❝♦✉♥t✐❡s✳
❆s ❛ ♠❡❛♥s ♦❢ ❝❤❡❝❦✐♥❣ t❤✐s ❛ss✉♠♣t✐♦♥ ✇❡ ❡st✐♠❛t❡ t❤❡ ❢♦❧❧♦✇✐♥❣ ✈❛r✐❛♥t ♦❢ ♦✉r ❜❛s❡❧✐♥❡
r❡❣r❡ss✐♦♥✿

Ycmy =
12
∑

m=1

αm +
308
∑

c=1

2008
∑

y=2000

νcy + δImy +
11
∑

l=−10

θlzlc + ǫcmy ✭✶✵✮

✇❤❡r❡ zlc ✐s ❛ s❡t ♦❢ ✐♥❞✐❝❛t♦r ✈❛r✐❛❜❧❡s ❢♦r t❤❡ ✶✵ ♠♦♥t❤s ♣r✐♦r t♦ t❤❡ ♦♣❡♥✐♥❣ ♦❢ ❛ ♦♥❡✲st♦♣
s❤♦♣ ❛♥❞ t❤❡ ✶✵ ♠♦♥t❤s ❛❢t❡r t❤❡ ♦♣❡♥✐♥❣ ♦❢ t❤❡ ♦♥❡✲st♦♣ s❤♦♣✳ ❚❤✉s✱ ❢♦r ✐♥st❛♥❝❡✱ z

−1 ✐s
❡q✉❛❧ t♦ ♦♥❡ ✐♥ t❤❡ ♠♦♥t❤ ♣r✐♦r t♦ t❤❡ ♦♣❡♥✐♥❣ ♦❢ t❤❡ ♦♥❡✲st♦♣ s❤♦♣ ✭♦t❤❡r✇✐s❡ ✵✮✱ ✇❤✐❧❡
z1 ✐s ❡q✉❛❧ t♦ ♦♥❡ ❢♦r t❤❡ ♠♦♥t❤ ❛❢t❡r t❤❡ ♦♣❡♥✐♥❣ ♦❢ t❤❡ ♦♥❡✲st♦♣ s❤♦♣ ✭♦t❤❡r✇✐s❡ ✵✮✳ ❚❤❡
♦♥❧② ❡①❝❡♣t✐♦♥ ✐s z11✱ ✇❤✐❝❤ ✐s ❡q✉❛❧ t♦ ♦♥❡ ❢♦r ♠♦♥t❤ ✶✶ ❛♥❞ ❢♦r t❤❡ ♠♦♥t❤s t❤❛t ❢♦❧❧♦✇✳
❲❡ s❡t θ

−1 t♦ ✵ ✭✐✳❡✳✱ ❧❡t t❤❛t ❜❡ t❤❡ ✏♦♠✐tt❡❞✑ ✐♥❞✐❝❛t♦r ✈❛r✐❛❜❧❡✮✳ ❋✐❣✉r❡ ✷ ❛♥❞ ✸ ♣❧♦ts t❤❡
❝♦❡✣❝✐❡♥ts θl, ❢♦r ✜r♠ ❡♥tr② ❛♥❞ ❡♠♣❧♦②♠❡♥t r❡❣r❡ss✐♦♥s✱ r❡s♣❡❝t✐✈❡❧②✳

❈♦♥s✐❞❡r ❋✐❣✉r❡ ✷✳ ❚❤❡ ❝♦❡✣❝✐❡♥ts ♦♥ t❤❡ ✏❧❛❣s✑ ❛r❡ ❣❡♥❡r❛❧❧② ❝❧♦s❡ t♦ ✵❀ ✉s✐♥❣ ❛♥ F
t❡st✱ ✇❡ ❝❛♥♥♦t r❡❥❡❝t t❤❡ ❤②♣♦t❤❡s❡s t❤❛t θ̂

−10, ..., θ̂−1 = 0✳ ❚❤✐s s✉❣❣❡sts t❤❛t ♦♥ ❛✈❡r❛❣❡✱
✐♥ t❤❡ ♠♦♥t❤s ❧❡❛❞✐♥❣ ✉♣ t♦ t❤❡ ❡st❛❜❧✐s❤♠❡♥t ♦❢ t❤❡ ♦♥❡✲st♦♣ s❤♦♣ t❤❡r❡ ✇❛s ♥♦ ✉♥✉s✉❛❧
tr❡♥❞ ✐♥ t❤❡ ❡st❛❜❧✐s❤♠❡♥t ♦❢ ♥❡✇ ✜r♠s✳ ❚❤✐s✱ ✐♥ t✉r♥✱ ❣✐✈❡s ✉s ✐♥❝r❡❛s❡❞ ❝♦♥✜❞❡♥❝❡ ✐♥ ♦✉r
✐❞❡♥t✐❢②✐♥❣ str❛t❡❣②✳ ■♥ ❝♦♥tr❛st✱ ✐♥ t❤❡ ♠♦♥t❤ ♦❢ t❤❡ ❡st❛❜❧✐s❤♠❡♥t ♦❢ t❤❡ ♦♥❡✲st♦♣ s❤♦♣✱
❛♥❞ t❤❡ ♠♦♥t❤s t❤❛t ❢♦❧❧♦✇✱ ✇❡ ❤❛✈❡ ♣♦s✐t✐✈❡ ❛♥❞ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t ❝♦❡✣❝✐❡♥ts✱ ✇❤✐❝❤
✇❡ ❡①♣❡❝t✱ ❣✐✈❡♥ t❤❡ ❡st✐♠❛t❡s ❢r♦♠ ♦✉r ❜❛s❡❧✐♥❡ r❡❣r❡ss✐♦♥ ✭✾✮✳ ❖✉r F t❡st ❡❛s✐❧② r❡❥❡❝ts t❤❡
♥✉❧❧ ❤②♣♦t❤❡s✐s t❤❛t t❤❡s❡ ❝♦❡✣❝✐❡♥ts ❥♦✐♥t❧② ❡q✉❛❧ ✵✳ ❋✐❣✉r❡ ✸ s❤♦✇s ❝♦♠♣❛r❛❜❧❡ r❡s✉❧ts ❢♦r
♦✉r ❛♥❛❧②s✐s ♦❢ ❡♠♣❧♦②♠❡♥t ❛t ♥❡✇❧② ❡st❛❜❧✐s❤❡❞ ✜r♠s✳

❙♦♠❡ ❝♦✉♥t✐❡s ❤❛✈❡ ♠♦r❡ t❤❛♥ ♦♥❡ ♦♥❡✲st♦♣ s❤♦♣ ❜② t❤❡ ❡♥❞ ♦❢ t❤❡ s❛♠♣❧❡ ♣❡r✐♦❞✳ ❲❡
✜♥❞ t❤❛t ♦✉r r❡s✉❧ts ✭❤❡r❡ ❛♥❞ ✐♥ ♦t❤❡r s♣❡❝✐✜❝❛t✐♦♥s✮ ❞♦ ♥♦t q✉❛❧✐t❛t✐✈❡❧② ❝❤❛♥❣❡ ✇❤❡♥ ✇❡
❡①❝❧✉❞❡ t❤❡s❡ ❝♦✉♥t✐❡s ❢r♦♠ t❤❡ ✧tr❡❛t♠❡♥t✧ ❣r♦✉♣✳ ❆♥♦t❤❡r ❝♦♥❝❡r♥ ✐s t❤❛t ❡♥tr❡♣r❡♥❡✉rs
✐♥ ❝♦✉♥t✐❡s t❤❛t ❜♦r❞❡r ❛♥♦t❤❡r ❝♦✉♥t② ✇✐t❤ ❛ ♦♥❡✲st♦♣ s❤♦♣ ♠✐❣❤t ❝r♦ss ❜♦r❞❡rs t♦ r❡❣✐st❡r
✐♥ t❤❡ ♦t❤❡r ❝♦✉♥t②✱ t❤❡♥ ♦♣❡r❛t❡ ✐♥ t❤❡ ❝♦✉♥t② ♦❢ r❡s✐❞❡♥❝❡ ♦❢ t❤❡ ❡♥tr❡♣r❡♥❡✉r✳ ❚❤✐s ✇♦✉❧❞
❧❡❛❞ ✉s t♦ ✉♥❞❡r❡st✐♠❛t❡ t❤❡ ❝❛✉s❛❧ ❡✛❡❝t ♦❢ t❤❡ ♦♥❡✲st♦♣ s❤♦♣ ♦♥ ♦❜s❡r✈❡❞ ❡✛❡❝ts✱ ❜❡❝❛✉s❡
s♦♠❡ ♦♥❡✲st♦♣ s❤♦♣s ✇♦✉❧❞ ✧tr❡❛t✧ ✐♥❞✐✈✐❞✉❛❧s ✐♥ t❤❡ ✧❝♦♥tr♦❧✧ ❝♦✉♥t✐❡s✳ ❈♦♥✈❡rs❛t✐♦♥s ✇✐t❤
♦✣❝✐❛❧s ✐♥ t❤❡ ♦♥❡✲st♦♣ s❤♦♣ ♣r♦❣r❛♠ ✐♥❞✐❝❛t❡❞ t❤❛t ✐t ✇❛s ✈❡r② r❛r❡ ❢♦r ❡♥tr❡♣r❡♥❡✉rs t♦
r❡❣✐st❡r ✐♥ ❛ ❝♦✉♥t② ♦t❤❡r t❤❛♥ t❤❡✐r ❝♦✉♥t② ♦❢ ♦♣❡r❛t✐♦♥✳ ❲❡ ❡①♣❡r✐♠❡♥t❡❞ ✇✐t❤ ❛❣❣r❡❣❛t✲
✐♥❣ ❝♦✉♥t✐❡s ✇❤❡r❡ t❤✐s ❜♦r❞❡r✲❝r♦ss✐♥❣ ✇❛s ♠♦r❡ ❧✐❦❡❧②✱ ❛♥❞ t❤❡s❡ ❛❧t❡r♥❛t✐✈❡ s♣❡❝✐✜❝❛t✐♦♥s
♣r♦❞✉❝❡ str♦♥❣❡r r❡s✉❧ts t❤❛♥ t❤♦s❡ r❡♣♦rt❡❞ ❤❡r❡✳

✻✳✷ ❋✐r♠ ❈❤❛r❛❝t❡r✐st✐❝s

❖✉r t❤❡♦r② ❧❡❛❞s ✉s t♦ ❜❡❧✐❡✈❡ t❤❛t ❛♥② ✐♠♣❛❝t ♦❢ t❤❡ r❡❢♦r♠✖t❤❡ ❡st❛❜❧✐s❤♠❡♥t ♦❢ t❤❡
♦♥❡✲st♦♣ s❤♦♣s✖s❤♦✉❧❞ ❜❡ ❢♦✉♥❞ ✐♥ ✏♠❛r❣✐♥❛❧ ✜r♠s✱✑ ✇❤✐❝❤ ✐♥ ♦✉r t❤❡♦r② ❛r❡ ❛❧s♦ s♠❛❧❧
✜r♠s✳ ❙♦ ✇❡ ❡st✐♠❛t❡ ♦✉r ❦❡② r❡❣r❡ss✐♦♥ ✭✾✮ ❜✉t ❢♦r ✜r♠s ❝❛t❡❣♦r✐③❡❞ ❜② t❤❡ ✜r♠✬s ✐♥✐t✐❛❧
s✐③❡✳ ❈♦❧✉♠♥s ✭✷✮ t♦ ✭✺✮ ♦❢ P❛♥❡❧ ❆ ✐♥ ❚❛❜❧❡ ✸ r❡♣♦rt t❤❡ ❝♦❡✣❝✐❡♥t ✇❤❡♥ ✇❡ ❝♦♥s✐❞❡r t❤❡
♥✉♠❜❡r ♦❢ ✜r♠s ✇✐t❤ ♦♥❡✱ t✇♦✱ t❤r❡❡ t♦ ✜✈❡✱ ❛♥❞ ♠♦r❡ t❤❛♥ ✜✈❡ ❡♠♣❧♦②❡❡s✱ r❡s♣❡❝t✐✈❡❧②✳ ❖✉r
❡st✐♠❛t❡s ✐♥❞✐❝❛t❡ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t ✐♥❝r❡❛s❡s ✐♥ t❤❡ ♥✉♠❜❡r ♦❢ ♥❡✇❧② ❡st❛❜❧✐s❤❡❞ ✜r♠s
✇✐t❤ t✇♦ ❡♠♣❧♦②❡❡s✱ ❛♥❞ t❤r❡❡ t♦ ✜✈❡ ❡♠♣❧♦②❡❡s✱ ❜✉t ♥♦ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t ✐♥❝r❡❛s❡ ✐♥
❧❛r❣❡r ✜r♠s✳

✶✹



◆❡①t✱ t❤❡ ♥✉♠❜❡r ♦❢ ♥❡✇ ✜r♠s ✐s ❜r♦❦❡♥ ❞♦✇♥ ✐♥t♦ t❡♥ s❡❝t♦rs✿ ❛❣r✐❝✉❧t✉r❡✱ ❝♦♥str✉❝t✐♦♥✱
❤✐❣❤✲t❡❝❤♥♦❧♦❣② ✐♥❞✉str✐❡s✱ ❧♦✇ t❡❝❤♥♦❧♦❣② ✐♥❞✉str✐❡s✱ ✉t✐❧✐t✐❡s✱ ✇❤♦❧❡s❛❧❡ r❡t❛✐❧✱ r❡t❛✐❧ tr❛❞❡✱
s❡r✈✐❝❡s ❛♥❞ ❝♦♠♠✉♥✐t✐❡s✳✷✶ ❚❛❜❧❡ ✹ ♣r❡s❡♥ts t❤❡ r❡s✉❧ts ❢♦r t❤✐s ❛♥❛❧②s✐s✱ ❛❣❛✐♥ ✉s✐♥❣ ✭✾✮✳
❚❤❡ ❡st✐♠❛t❡❞ ♣♦s✐t✐✈❡ ✐♠♣❛❝t ♦❢ t❤❡ r❡❢♦r♠ ✐s ❢♦✉♥❞ t♦ ♦♣❡r❛t❡ ✐♥ t❤r❡❡ s❡❝t♦rs✿ ❛❣r✐❝✉❧t✉r❡✱
❝♦♥str✉❝t✐♦♥ ❛♥❞ r❡t❛✐❧ tr❛❞❡✳

✻✳✸ ❋✐r♠ ❙✉r✈✐✈❛❧

❆s ✇❡ ♠❡♥t✐♦♥ ✐♥ ♦✉r ♣❛♣❡r✬s ✐♥tr♦❞✉❝t✐♦♥✱ ❛ ❞✐st✐♥❝t✐✈❡ ❢❡❛t✉r❡ ♦❢ ♦✉r ❞❛t❛ ✐s t❤❡ ❛❜✐❧✐t② t♦
❡①❛♠✐♥❡ t❤❡ ✐♠♣❛❝t ♦❢ t❤❡ r❡❢♦r♠ ♦♥ t❤❡ s✉r✈✐✈❛❧ ♦❢ ♥❡✇❧②✲❢♦r♠❡❞ ✜r♠s✳ ❖✉r ❛♣♣r♦❛❝❤ ✐s
t♦ ❡①❛♠✐♥❡ t❤❡ t✇♦✲②❡❛r s✉r✈✐✈❛❧ r❛t❡✱ ✐♥ ✇❤✐❝❤ Siflcmy ✐s ✜r♠ s✉r✈✐✈❛❧ ❢♦r ❢♦✉♥❞❡r i ✐♥ ✜r♠
f ✱ ✐♥❞✉str② l✱ ❝♦✉♥t② c✱ ♠♦♥t❤ m ❛♥❞ ②❡❛r y✳ ❚❤✐s ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡ ✐s ✶ ✐❢ t❤❡ st❛rt✲✉♣ ✐s
st✐❧❧ ♦♣❡r❛t✐♥❣ ❛❢t❡r t✇♦ ②❡❛rs✱ ❛♥❞ ✵ ✐❢ ♥♦t✳ ■t ✐s t❛❦❡♥ t♦ ❜❡ ❛ ❢✉♥❝t✐♦♥ ♦❢ ♦❜s❡r✈❛❜❧❡s✱ ❛s
❢♦❧❧♦✇s✿

Siflcmy =
12
∑

m=1

αm +
308
∑

c=1

2008
∑

y=2000

νcy +
29
∑

l=1

λl + ωSf + τXi + θZcmy + δImy + ǫiflcmy, ✭✶✶✮

✇❤❡r❡ ❛❣❛✐♥ ✇❡ ❤❛✈❡ ✐♥❞✐❝❛t♦rs ❢♦r ♠♦♥t❤✱ ②❡❛r✲❝♦✉♥t② ✜①❡❞ ❡✛❡❝ts✱ ❛♥❞ ♥♦✇ ❛❧s♦ t✇♦✲❞✐❣✐t
✐♥❞✉str② ✜①❡❞ ❡✛❡❝ts ❢♦r ✷✾ ❝❛t❡❣♦r✐❡s λl. ❲❡ ❛❧s♦ ❤❛✈❡ ❛ ✈❛r✐❛❜❧❡ t❤❛t ❣✐✈❡s t❤❡ ✜r♠✬s ✐♥✐t✐❛❧
s✐③❡✱ S✳ ❲❡ ✐♥❝❧✉❞❡ ❛❧s♦ ❛ ✈❡❝t♦r ❢♦✉♥❞❡r ❝❤❛r❛❝t❡r✐st✐❝s X✿ ❣❡♥❞❡r✱ ✇❤✐❝❤ ❡q✉❛❧s ✶ ❢♦r ♠❡♥✱
✵ ❢♦r ✇♦♠❡♥❀ ❢♦✉r ✐♥❞✐❝❛t♦r ✈❛r✐❛❜❧❡s ❢♦r t❤❡ ❢♦✉♥❞❡r✬s ❛❣❡✱ ♣❛rt✐t✐♦♥❡❞ ❛t ✷✵✱ ✸✵✱ ✹✵✱ ❛♥❞ ✺✵❀
❛♥ ✏✐♥❞✉str② ❡①♣❡r✐❡♥❝❡✑ ✈❛r✐❛❜❧❡ ✇❤✐❝❤ ❡q✉❛❧s ✶ ❢♦r ❢♦✉♥❞❡rs t❤❛t ♣r❡✈✐♦✉s❧② ✇♦r❦ ♦♥ t❤❡
s❛♠❡ ❢♦✉r✲❞✐❣✐t ✐♥❞✉str② ❞✐❣✐t ❝♦❞❡✱ ✵ ♦t❤❡r✇✐s❡❀ ❛♥❞ ❡❞✉❝❛t✐♦♥✱ ✇❤✐❝❤ ✐s t❛❦❡♥ t♦ ❜❡ ✏✈❡r②
❧♦✇✑ ❢♦r t❤♦s❡ ♥❡✈❡r ❝♦♠♣❧❡t✐♥❣ ❡❧❡♠❡♥t❛r② s❝❤♦♦❧✱ ✏❧♦✇✑ ❢♦r t❤♦s❡ t❤❛t ❛tt❡♥❞❡❞ ❥✉♥✐♦r ❤✐❣❤
s❝❤♦♦❧✱ ✏♠❡❞✐✉♠✑ ❢♦r t❤♦s❡ ✇✐t❤ ❛ ❤✐❣❤ s❝❤♦♦❧ ❞✐♣❧♦♠❛ ♦r ❡q✉✐✈❛❧❡♥t✱ ❛♥❞ ✏❤✐❣❤✑ ❢♦r t❤♦s❡
r❡♣♦rt✐♥❣ ❜❛❝❤❡❧♦r✬s ❞❡❣r❡❡ ♦r ♠♦r❡ ❛❞✈❛♥❝❡❞ ❞❡❣r❡❡✳ ■♥ r❡♣♦rt✐♥❣ t❤❡ ❡st✐♠❛t❡❞ ❝♦❡✣❝✐❡♥ts✱
♦✉r ♦♠✐tt❡❞ ❝❛t❡❣♦r✐❡s ❛r❡ ❢♦✉♥❞❡rs ❛❣❡❞ ✷✵✕✷✾ ❛♥❞ ✇✐t❤ ✏✈❡r② ❧♦✇✑ ❡❞✉❝❛t✐♦♥✳

❚❛❜❧❡ ✺ ❣✐✈❡s ❡st✐♠❛t❡s✳ ❲❡ ♥♦t✐❝❡ t❤❛t ✐♥ ❣❡♥❡r❛❧ st❛rt✲✉♣ ✜r♠ s✉r✈✐✈❛❧ ✐s ❤✐❣❤❡r ❢♦r ✐♥✐✲
t✐❛❧❧② ❧❛r❣❡r ✜r♠s✱ ❛♥❞ ❢♦r ✜r♠s ❢♦✉♥❞❡❞ ❜② ❡①♣❡r✐❡♥❝❡❞ ✐♥❞✐✈✐❞✉❛❧s✱ ❜② ♠❡♥ ✭✐♥ ❝♦♠♣❛r✐s♦♥
t♦ ✇♦♠❡♥✮✱ ❜② r❡❧❛t✐✈❡❧② ♦❧❞❡r ✐♥❞✐✈✐❞✉❛❧s✱ ❛♥❞ ❜② r❡❧❛t✐✈❡❧② ✇❡❧❧ ❡❞✉❝❛t❡❞ ✐♥❞✐✈✐❞✉❛❧s✳ ■♠✲
♣♦rt❛♥t❧②✱ t❤❡r❡ ✐s ❛ s✉❜st❛♥t✐❛❧ ❡st✐♠❛t❡❞ ✐♠♣❛❝t ❛ss♦❝✐❛t❡❞ ✇✐t❤ t❤❡ ♦♥❡✲st♦♣ s❤♦♣ ♣r♦❣r❛♠✳
■♥ ❝♦♠♣❛r✐s♦♥ ✇✐t❤ ♦t❤❡r st❛rt✲✉♣s✱ ✜r♠s ❡st❛❜❧✐s❤❡❞ ✐♥ t❤❡ ♠♦♥t❤s ❛❢t❡r t❤❡ ❛✈❛✐❧❛❜✐❧✐t② ♦❢
t❤❡ ♦♥❡✲st♦♣ s❤♦♣ ♣r♦❣r❛♠ ❤❛❞ t✇♦ ②❡❛r s✉r✈✐✈❛❧ r❛t❡s t❤❛t ❛r❡ ❛♣♣r♦①✐♠❛t❡❧② ❢♦✉r ♣❡r❝❡♥t✲
❛❣❡ ♣♦✐♥ts ❧♦✇❡r✳

✷✶❲❡ ✉s❡ t❤❡ ❞❡✜♥✐t✐♦♥ ♦❢ ❖❊❈❉ ✭✷✵✵✷✮ t♦ ❞✐✈✐❞❡ ✜r♠s ✐♥t♦ ❤✐❣❤✲t❡❝❤♥♦❧♦❣② ❛♥❞ ❧♦✇✲t❡❝❤♥♦❧♦❣② ✐♥❞✉str✐❡s✳
✏❍✐❣❤✲t❡❝❤♥♦❧♦❣② ✐♥❞✉str✐❡s✑ ✐♥❝❧✉❞❡ t❤❡ ❢♦❧❧♦✇✐♥❣ s❡❝t♦rs✿ ♣❤❛r♠❛❝❡✉t✐❝❛❧s✱ ♦✣❝❡ ❛♥❞ ❝♦♠♣✉t✐♥❣ ♠❛❝❤✐♥❡r②✱
r❛❞✐♦✱ ❚❱ ❛♥❞ ❝♦♠♠✉♥✐❝❛t✐♦♥ ❡q✉✐♣♠❡♥t✱ ♠❡❞✐❝❛❧✱ ♣r❡❝✐s✐♦♥ ❛♥❞ ♦♣t✐❝❛❧ ❡q✉✐♣♠❡♥t✱ ❛✐r❝r❛❢t ❛♥❞ s♣❛❝❡❝r❛❢t✱
❝❤❡♠✐❝❛❧s ❡①❝❧✉❞✐♥❣ ♣❤❛r♠❛❝❡✉t✐❝❛❧s✱ ♠❛❝❤✐♥❡r② ❛♥❞ ❡q✉✐♣♠❡♥t✱ ❡❧❡❝tr✐❝❛❧ ♠❛❝❤✐♥❡r② ❛♥❞ ❛♣♣❛r❛t✉s✱ ♠♦t♦r
✈❡❤✐❝❧❡s ❛♥❞ tr❛✐❧❡rs✱ r❛✐❧r♦❛❞ ❛♥❞ tr❛♥s♣♦rt ❡q✉✐♣♠❡♥t✳ ✏▲♦✇✲t❡❝❤♥♦❧♦❣② ✐♥❞✉str✐❡s✑ ✐♥❝❧✉❞❡ ❝♦❦❡✱ r❡✜♥❡❞
♣❡tr♦❧❡✉♠ ♣r♦❞✉❝ts ❛♥❞ ♥✉❝❧❡❛r ❢✉❡❧✱ r✉❜❜❡r ❛♥❞ ♣❧❛st✐❝ ♣r♦❞✉❝ts✱ ♦t❤❡r ♥♦♥✲♠❡t❛❧❧✐❝ ♠✐♥❡r❛❧ ♣r♦❞✉❝ts✱
❜❛s✐❝ ♠❡t❛❧s✱ ❢❛❜r✐❝❛t❡❞ ♠❡t❛❧ ♣r♦❞✉❝ts ❡①❝❡♣t ♠❛❝❤✐♥❡r② ❛♥❞ ❡q✉✐♣♠❡♥t✱ ❜✉✐❧❞✐♥❣ ❛♥❞ r❡♣❛✐r✐♥❣ s❤✐♣s ❛♥❞
❜♦❛ts✱ ❢♦♦❞ ♣r♦❞✉❝ts✱ ❜❡✈❡r❛❣❡ ❛♥❞ t♦❜❛❝❝♦✱ t❡①t✐❧❡ ❛♥❞ t❡①t✐❧❡ ♣r♦❞✉❝ts✱ ❧❡❛t❤❡r ❛♥❞ ❢♦♦t✇❡❛r✱ ✇♦♦❞✱ ♣✉❧♣✱
♣❛♣❡r ♣r♦❞✉❝ts✱ ♣r✐♥t✐♥❣ ❛♥❞ ♣✉❜❧✐s❤✐♥❣✱ ❛♥❞ r❡❝②❝❧✐♥❣✳ ❲❡ ❛❝❦♥♦✇❧❡❞❣❡ t❤❛t t❤✐s ✐s ❛ r♦✉❣❤ t❛①♦♥♦♠②❀ t❤❡
❧♦✇✲t❡❝❤♥♦❧♦❣② ❝❛t❡❣♦r② ❝♦✉❧❞ ✐♥❝❧✉❞❡ s♦♠❡ t❡❝❤♥♦❧♦❣✐❝❛❧❧② ♣r♦❣r❡ss✐✈❡ ✜r♠s ❛♥❞ ✈✐❝❡ ✈❡rs❛✳

✶✺



❆s ✐♥ t❤❡ ❛♥❛❧②s❡s ♣r❡s❡♥t❡❞ ❛❜♦✈❡✱ ✇❡ ❛❧s♦ ❡st✐♠❛t❡ t❤❡ ✐♠♣❛❝t ♦❢ t❤❡ ♦♥❡✲st♦♣ s❤♦♣
♣r♦❣r❛♠ ♦♥ ♦✉r s✉r✈✐✈❛❧ ✈❛r✐❛❜❧❡✱ ✉s✐♥❣ ❡st✐♠❛t❡s ❢♦r ❧❛❣ ❛♥❞ ❧❡❛❞ ♠♦♥t❤s✳ ❋✐❣✉r❡ ✹ ♣❧♦ts
t❤❡ ❝♦❡✣❝✐❡♥ts ♦♥ t❤❡ ❧❛❣ ❛♥❞ ❧❡❛❞ ✐♥❞✐❝❛t♦r ✈❛r✐❛❜❧❡s✱ ✇❤✐❝❤ ✇❡r❡ ❝♦♥str✉❝t❡❞ ✉s✐♥❣ t❤❡
s❛♠❡ ♠❡t❤♦❞♦❧♦❣② ❛s ♣r❡s❡♥t❡❞ ✐♥ ❙❡❝t✐♦♥ ✻✳✶✳ ❆s ❝❛♥ ❜❡ s❡❡♥ ✐♥ ❋✐❣✉r❡ ✹✱ t❤❡ ❢r❛❝t✐♦♥
♦❢ s✉r✈✐✈✐♥❣ st❛rt✲✉♣s ✐s ❝❧♦s❡ t♦ ③❡r♦ ❜❡❢♦r❡ t❤❡ ♦♣❡♥✐♥❣ ♦❢ t❤❡ ♦♥❡✲st♦♣ s❤♦♣ ❛♥❞ t❤❡♥ ✐t
❜❡❝♦♠❡s ❥♦✐♥t❧② s✐❣♥✐✜❝❛♥t❧② ♥❡❣❛t✐✈❡ ❢r♦♠ ♠♦♥t❤s 0 t♦ > 10 ✳

✻✳✹ ❊♥tr❡♣r❡♥❡✉r ❈❤❛r❛❝t❡r✐st✐❝s

■♥ t❤✐s ❧❛st s❡❝t✐♦♥✱ ✇❡ ❡①♣❧♦r❡ t❤❡ ❡✛❡❝t ♦❢ t❤❡ ♦♥❡✲st♦♣ ♣r♦❣r❛♠ ❜② ❡st✐♠❛t✐♥❣ ❛♥ ❡q✉❛t✐♦♥
✐♥ ✇❤✐❝❤ t❤❡ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡ ✐s t❤❡ ♣r♦❜❛❜✐❧✐t② t❤❛t ❛♥② ✐♥❞✐✈✐❞✉❛❧ ✐♥ ♦✉r ❞❛t❛ ❢♦✉♥❞s ❛
st❛rt✲✉♣ ✜r♠ ✐♥ ❛ ❣✐✈❡♥ ②❡❛r✳ ❙♣❡❝✐✜❝❛❧❧②✱ ✇❡ st❛rt ✇✐t❤ t❤❡ s✐♠♣❧❡ ❧✐♥❡❛r ♣r♦❜❛❜✐❧✐t② ♠♦❞❡❧✿

Eicy =
2008
∑

y=2000

βy +
308
∑

c=1

γc +
30
∑

n=1

+δGny + θZcy + τXi + ǫicy ✭✶✷✮

✇❤❡r❡ Eilcy ✐s ❛♥ ✐♥❞✐❝❛t♦r ✈❛r✐❛❜❧❡ t❤❛t ❡q✉❛❧s ✶ ✐❢ ✐♥❞✐✈✐❞✉❛❧ i ❡st❛❜❧✐s❤❡s ❛ ✜r♠ ✐♥ ❝♦✉♥t② c
❛♥❞ ②❡❛r y✱ ❛♥❞ ✵ ✐❢ t❤❛t ✐♥❞✐✈✐❞✉❛❧ ❞♦❡s ♥♦t ♦♣❡♥ ❛ ✜r♠✳ ❲❡ ❤❛✈❡ ❛❧s♦ ❝♦♥tr♦❧ ❢♦r ❡❝♦♥♦♠✐❝
❛❝t✐✈✐t② ✇✐t❤ ❛ ♠❡❛s✉r❡ ♦❢ ❣r♦ss ❞♦♠❡st✐❝ ♣r♦❞✉❝t ✭●❉P✮✱ Gn, ❢♦r ✸✵ ◆❯❚❙ ✭✏◆♦♠❡♥❝❧❛t✉r❡
♦❢ ❯♥✐t ❢♦r ❚❡rr✐t♦r✐❛❧ ❙t❛t✐st✐❝s✑✮ r❡❣✐♦♥s ❞❡✜♥❡❞ ❢♦r P♦rt✉❣❛❧✳ ❲❡ ✐♥❝❧✉❞❡ ❛❧s♦ ❛ ✈❡❝t♦r ♦❢
✐♥❞✐✈✐❞✉❛❧ ❝❤❛r❛❝t❡r✐st✐❝s Xi ✭♠❡❛s✉r❡s ♦❢ ❛❣❡✱ ❣❡♥❞❡r✱ ❛♥❞ ❡❞✉❝❛t✐♦♥✮✳ ❋✐♥❛❧❧②✱ Zcy ✐s ❛♥
✐♥❞✐❝❛t♦r ✈❛r✐❛❜❧❡ ❡q✉❛❧ t♦ ✶ ✐❢ t❤❡r❡ ✐s ❛ ♦♥❡✲st♦♣ s❤♦♣ ✐♥ ❝♦✉♥t② c ✐♥ ②❡❛r y ❢♦r ❛t ❧❡❛st ♣❛rt
♦❢ t❤❡ ②❡❛r✳✷✷ ❲❡ r❡♠✐♥❞ t❤❡ r❡❛❞❡r t❤❛t t❤❡s❡ r❡s✉❧ts ❛r❡ ❜❛s❡❞ ♦♥ ❛ ✸✵ ♣❡r❝❡♥t r❛♥❞♦♠
s❛♠♣❧❡ ♦❢ t❤❡ ❞❛t❛❜❛s❡ ✐♥ ✇❤✐❝❤ t❤❡r❡ ❛r❡ ♠♦r❡ t❤❛♥ ✜✈❡ ♠✐❧❧✐♦♥ ✐♥❞✐✈✐❞✉❛❧s✱ ❜✉t ❢❡✇❡r
t❤❛♥ ✸✹✱✵✵✵ ♦❢ t❤❡s❡ ✐♥❞✐✈✐❞✉❛❧s tr❛♥s✐t✐♦♥ ✐♥t♦ ❡♥tr❡♣r❡♥❡✉rs❤✐♣✳ ■♥ ♦t❤❡r ✇♦r❞s✱ ❧❡ss t❤❛♥
✵✳✻✽ ♣❡r❝❡♥t ✭✵✳✵✵✻✽✮ ♦❢ t❤❡ s❛♠♣❧❡ st❛rts ❛ ♥❡✇ ✜r♠❀ ♦✉r ❡❝♦♥♦♠❡tr✐❝ ❡st✐♠❛t❡s s❤♦✉❧❞ ❜❡
❡✈❛❧✉❛t❡❞ ✐♥ ❧✐❣❤t ♦❢ t❤✐s ❢❡❛t✉r❡ ♦❢ t❤❡ s❛♠♣❧❡✳

❚❤❡ ❡st✐♠❛t❡s ❢♦r t❤✐s s♣❡❝✐✜❝❛t✐♦♥ ❛r❡ ♣r❡s❡♥t❡❞ ✐♥ ❈♦❧✉♠♥ ✭✶✮ ♦❢ ❚❛❜❧❡ ✻✳ ●✐✈❡♥
r❡s✉❧ts ❛❜♦✈❡✱ ✇❡ ❛r❡ ♥♦t s✉r♣r✐s❡❞ t❤❛t t❤❡ ♣r❡s❡♥❝❡ ♦❢ ❛ ♦♥❡✲st♦♣ s❤♦♣ ✐s ❛ss♦❝✐❛t❡❞ ✇✐t❤ ❛♥
✐♥❝r❡❛s❡ ✐♥ t❤❡ ♣r♦❜❛❜✐❧✐t② ❛♥ ✐♥❞✐✈✐❞✉❛❧ ❜❡❝♦♠❡s ❛♥ ❡♥tr❡♣r❡♥❡✉r✳ ●✐✈❡♥ t❤❡ s♠❛❧❧ ❢r❛❝t✐♦♥
♦❢ t❤❡ s❛♠♣❧❡ t❤❛t ❡✈❡r ❜❡❝♦♠❡s ❛♥ ❡♥tr❡♣r❡♥❡✉r✱ t❤❡ ❝♦❡✣❝✐❡♥t ♦♥ t❤❡ ❖♥❡✲❙t♦♣ ❙❤♦♣
❞✉♠♠② ✐s ❛ss♦❝✐❛t❡❞ ✇✐t❤ ❛♥ ♠❛r❣✐♥❛❧ ✐♥❝r❡❛s❡ ♦❢ ❛❜♦✉t ✾✳✷ ♣❡r❝❡♥t✳ ❆s ❢♦r ❞❡♠♦❣r❛♣❤✐❝
❛♥❞ ❡❞✉❝❛t✐♦♥ ✈❛r✐❛❜❧❡s✱ ✇❡ ❝❛♥ ✐♥❢❡r t❤❛t ♠❛❧❡✱ ♠✐❞❞❧❡ ❛❣❡❞ ✭❛❣❡ ❜❡t✇❡❡♥ ✸✵ ❛♥❞ ✸✾✮✱ ❛♥❞
✇❡❧❧✲❡❞✉❝❛t❡❞ ✐♥❞✐✈✐❞✉❛❧s ❛r❡ r❡❧❛t✐✈❡❧② ♠♦r❡ ❧✐❦❡❧② t♦ tr❛♥s✐t✐♦♥ ✐♥t♦ ❡♥tr❡♣r❡♥❡✉rs❤✐♣ t❤❛♥
❛r❡ ♦t❤❡r ✐♥❞✐✈✐❞✉❛❧s✳

❖✉r ♠♦❞❡❧ ♣r❡❞✐❝ts t❤❛t ❡♥tr② r❡❣✉❧❛t✐♦♥ r❡❢♦r♠ ❧❡❛❞s t♦ ❛♥ ✐♥❝r❡❛s❡ ✐♥ t❤❡ ❡♥tr② ♦❢
✏♠❛r❣✐♥❛❧ ❡♥tr❡♣r❡♥❡✉rs✳✑ ❚♦ ❡✈❛❧✉❛t❡ t❤❛t ❝❧❛✐♠ ✇❡ ✐♥t❡r❛❝t ❡❛❝❤ ♦❢ t❤❡ ❞❡♠♦❣r❛♣❤✐❝ ❛♥❞
❡❞✉❝❛t✐♦♥❛❧ ✈❛r✐❛❜❧❡s ✇✐t❤ Zcy ✭♦✉r ✐♥❞✐❝❛t♦r t❤❛t t❤❡ r❡❢♦r♠ ❤❛s ♦❝❝✉rr❡❞ ✐♥ t❤❡ ❝♦✉♥t②
✐♥ t❤❛t ②❡❛r✮ ❛♥❞ ❛❞❞ t❤❡s❡ ✐♥t❡r❛❝t✐♦♥s t♦ ❊q✉❛t✐♦♥ ✭✶✷✮✳ ❚❤❡ ❝♦❡✣❝✐❡♥t ❡st✐♠❛t❡s ❛r❡
r❡♣♦rt❡❞ ✐♥ ❈♦❧✉♠♥ ✭✷✮ ♦❢ ❚❛❜❧❡ ✻✳ ❚❤❡s❡ r❡s✉❧ts s✉❣❣❡st t❤❛t t❤❡ ❡♥tr❡♣r❡♥❡✉rs ✐♥❞✉❝❡❞ ✐♥t♦
t❤❡ ♠❛r❦❡t ❜② t❤❡ ❡st❛❜❧✐s❤♠❡♥t ♦❢ t❤❡ ♦♥❡✲st♦♣ s❤♦♣ ❛r❡ ❢r♦♠ ❞❡♠♦❣r❛♣❤✐❝ ❝❛t❡❣♦r✐❡s t❤❛t
✇❡r❡ ♣r❡✈✐♦✉s❧② ❧❡❛st ❧✐❦❡❧② t♦ ✐♥✐t✐❛❧❧② ❜❡ ❡♥tr❡♣r❡♥❡✉rs✳ ❘❡❧❛t✐✈❡ t♦ t❤❡ ♦♠✐tt❡❞ ❝❛t❡❣♦r②

✷✷❖✉r ❞❛t❛ ❢♦r t❤✐s r❡❣r❡ss✐♦♥ ✐s ❛♥♥✉❛❧✱ s♦ ✇❡ ❝❛♥♥♦t ❧♦♦❦ ❛t ✇✐t❤✐♥✲②❡❛r ❡✛❡❝ts ❛s ✐♥ t❤❡ ❛♥❛❧②s❡s ❛❜♦✈❡✳

✶✻



✭✈❡r② ❧♦✇ ❡❞✉❝❛t❡❞ ✐♥❞✐✈✐❞✉❛❧s✮✱ t❤❡ ❢r❛❝t✐♦♥ ♦❢ ❤✐❣❤❧② ❡❞✉❝❛t❡❞ ❡♥tr❡♣r❡♥❡✉rs ❞❡❝r❡❛s❡s ❜②
✵✳✹ ♣❡r❝❡♥t✳ ❙✐♠✐❧❛r❧②✱ ♠❛r❣✐♥❛❧ ❡♥tr❛♥ts ❛♣♣❡❛r t♦ ❜❡ ♦❧❞❡r ✭✐♥❞✐✈✐❞✉❛❧s ❛❣❡❞ ✹✵✕✺✵ ❛♥❞
✺✵✕✻✵✮ ❛♥❞ ❛r❡ ❧❡ss ❧✐❦❡❧② t♦ ❜❡ ♠❛❧❡✳

❚❤❡s❡ r❡s✉❧ts✱ ❝♦♠❜✐♥❡❞ ✇✐t❤ t❤❡ ❡✈✐❞❡♥❝❡ ♣r❡s❡♥t❡❞ ❛❜♦✈❡✖t❤❛t r❡❣✉❧❛t✐♦♥ r❡❢♦r♠ ✐s
❛ss♦❝✐❛t❡❞ ✇✐t❤ t❤❡ ❡♥tr② ♦❢ ✜r♠s t❤❛t ❛r❡ ❧❡ss ❧✐❦❡❧② t♦ s✉r✈✐✈❡ t♦ t❤❡ t✇♦✲②❡❛r ♠❛r❦✱ ♣r♦✈✐❞❡
s♦♠❡ s✉♣♣♦rt ❢♦r t❤❡ ❛r❣✉♠❡♥t t❤❛t t❤❡ r❡❞✉❝❡❞ ❡♥tr② r❡❣✉❧❛t✐♦♥ ❞✐s♣r♦♣♦rt✐♦♥❛t❡❧② ✐♥❞✉❝❡❞
♠❛r❣✐♥❛❧✱ r❡❧❛t✐✈❡❧② ❧♦✇✲❛❜✐❧✐t② ✐♥❞✐✈✐❞✉❛❧s t♦ ❡st❛❜❧✐s❤ ❜✉s✐♥❡ss❡s✳

✼ ❈♦♥❝❧✉s✐♦♥

❚❤✐s ♣❛♣❡r ✉s❡s P♦rt✉❣✉❡s❡ ♠✐❝r♦✲❧❡✈❡❧ ❞❛t❛ t♦ ❛♥❛❧②③❡ t❤❡ ❡✛❡❝ts ♦❢ ❛ ♣r♦❣r❛♠ t❤❛t s✉❜st❛♥✲
t✐❛❧❧② r❡❞✉❝❡❞ ❡♥tr② r❡❣✉❧❛t✐♦♥ ❢♦r ❜✉s✐♥❡ss✳ ❚❤❡ r❡❢♦r♠✱ ✇❤✐❝❤ ✐♥tr♦❞✉❝❡❞ ♦♥❡✲st♦♣ s❤♦♣s ✐♥
❝♦✉♥t✐❡s t❤r♦✉❣❤♦✉t t❤❡ ❝♦✉♥tr②✱ ❛♣♣❡❛rs t♦ ❤❛✈❡ ❤❛❞ ♠❡❛♥✐♥❣❢✉❧ ❡✛❡❝ts ♦♥ st❛rt✲✉♣ ❡♥tr②✱
♣❡r❢♦r♠❛♥❝❡✱ ❛♥❞ s✉r✈✐✈❛❧✳

❇② ❝♦♠♣❛r✐♥❣ ❝♦✉♥t✐❡s ✇✐t❤ ❛♥❞ ✇✐t❤♦✉t ♦♥❡✲st♦♣ s❤♦♣s✱ ✇❡ ✜♥❞ t❤❛t t❤❡ ♣r♦❣r❛♠
✐♥❝r❡❛s❡s t❤❡ ♥✉♠❜❡r ♦❢ st❛rt✲✉♣s ✐♥ ❡❧✐❣✐❜❧❡ ✐♥❞✉str✐❡s ❜② ❛♣♣r♦①✐♠❛t❡❧② ✶✼✳✷ ♣❡r❝❡♥t✳ ❚❤✐s
✐♥❝r❡❛s❡ ✐s ❞✐s♣r♦♣♦rt✐♦♥❛t❡❧② ❞r✐✈❡♥ ❜② ❡♥tr❡♣r❡♥❡✉rs ✇❤♦ ❛r❡ r❡❧❛t✐✈❡❧② ♦❧❞❡r✱ ♠♦r❡ ❢❡♠❛❧❡
❛♥❞ ❧❡ss ❡❞✉❝❛t❡❞✳ ❇❛s❡❞ ♦♥ ♦✉r ❡st✐♠❛t❡s✱ t❤❡ r❡❢♦r♠ ✐s ❛ss♦❝✐❛t❡❞ ✇✐t❤ ❛♥ ✐♥❝r❡❛s❡ ✐♥ s❡✈❡♥
♥❡✇ ❥♦❜s ♣❡r ♠♦♥t❤ ♣❡r ✶✵✵✱✵✵✵ ✐♥❤❛❜✐t❛♥ts ✭❛ ✷✶✳✼ ♣❡r❝❡♥t ✐♥❝r❡❛s❡✮✳ ❚❤❡s❡ ❥♦❜s ❛r❡ ❝r❡❛t❡❞
♣r✐♠❛r✐❧② ✐♥ t❤❡ ❛❣r✐❝✉❧t✉r❛❧✱ r❡t❛✐❧ tr❛❞❡ ❛♥❞ ❝♦♥str✉❝t✐♦♥ s❡❝t♦rs✳ ❲❡ ❛❧s♦ ✜♥❞ t❤❛t t❤❡
st❛rt✲✉♣s ❝r❡❛t❡❞ ✐♥ r❡s♣♦♥s❡ t♦ t❤❡ r❡❢♦r♠ ❛r❡ r❡❧❛t✐✈❡❧② s♠❛❧❧❡r ❛♥❞ ❧❡ss ❧✐❦❡❧② t♦ s✉r✈✐✈❡
✐♥ t❤❡✐r ✜rst t✇♦ ②❡❛rs t❤❛♥ ✜r♠s ❢♦✉♥❞❡❞ ✐♥ t❤❡ ❛❜s❡♥❝❡ ♦❢ t❤❡ r❡❢♦r♠✳

❲❡ ✈✐❡✇ t❤❡ r❡s✉❧ts ❛s ❡♥t✐r❡❧② ❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ t❤❡♦r❡t✐❝❛❧ ♠♦❞❡❧ ♦❢ ❡♥tr❡♣r❡♥❡✉rs❤✐♣
s❡t ♦✉t ✐♥ t❤✐s ♣❛♣❡r✳ ■♥s♣✐r❡❞ ❜② t❤❡ s❡♠✐♥❛❧ ✇♦r❦ ♦❢ ▲✉❝❛s ✭✶✾✼✽✮✱ ✇❡ s❤♦✇ t❤❛t ❛rt✐✜❝✐❛❧
❡♥tr② ❝♦sts ❞❡t❡r ❡♥tr❡♣r❡♥❡✉rs❤✐♣ ❛t t❤❡ ♠❛r❣✐♥✳ ❘❡❢♦r♠✱ ✐✳❡✳✱ t❤❡ r❡❞✉❝t✐♦♥ ♦❢ ❡♥tr② ❝♦sts✱
✐s ♣r❡❞✐❝t❡❞ t♦ ❛✛❡❝t ❡♥tr❡♣r❡♥❡✉rs❤✐♣ ❛♥❞ ❥♦❜ ❢♦r♠❛t✐♦♥ ✐♥ ❥✉st t❤❡ ✇❛② ✇❡ ✐♥ ❢❛❝t ♦❜s❡r✈❡✳
❖✉r r❡s✉❧ts✱ t❤❡♥✱ ❝❛♥ ❜❡ s❡❡♥ ❛s ❜r♦❛❞❧② ❝♦♥s✐st❡♥t ✇✐t❤ t❤❡ ✏♣✉❜❧✐❝ ❝❤♦✐❝❡✑ ❛♣♣r♦❛❝❤ t♦
❡♥tr② r❡❣✉❧❛t✐♦♥✱ ✇❤✐❝❤ ❡♠♣❤❛s✐③❡s t❤❡ ✐♥❡✣❝✐❡♥❝✐❡s ❛ss♦❝✐❛t❡❞ ✇✐t❤ ❡♥tr② r❡❣✉❧❛t✐♦♥✱ ❛♥❞
❛r❣✉❡s ❢♦r t❤❡ r❡❧❛①❛t✐♦♥ ♦❢ s✉❝❤ r❡❣✉❧❛t✐♦♥✳

■♥ t❤❡ P♦rt✉❣✉❡s❡ ❝❛s❡✱ t❤❡ r❡❢♦r♠ ✇❛s s✉❜st❛♥t✐❛❧✳ P♦rt✉❣❛❧ ✉♥❞❡rt♦♦❦ ♦♥❡ ♦❢ t❤❡ ♠♦st
❝♦♠♣❧❡t❡ ❛♥❞ t❤♦r♦✉❣❤ ❞❡r❡❣✉❧❛t✐♦♥ ❡✛♦rts ♦❢ ❛♥② ❝♦✉♥tr② ✐♥ ❲❡st❡r♥ ❊✉r♦♣❡✱ ♠♦✈✐♥❣ ✉♣
✽✵ ♣❧❛❝❡s ✐♥ t❤❡ ❲♦r❧❞ ❇❛♥❦✬s ❉♦✐♥❣ ❇✉s✐♥❡ss ✐♥❞❡① ❛♥❞ ✇✐♥♥✐♥❣ ✐♥t❡r♥❛t✐♦♥❛❧ ❛❝❝♦❧❛❞❡s
❢♦r t❤❡ ❣♦✈❡r♥♠❡♥t ✐♥ t❤❡ ♣r♦❝❡ss✳ ❆s ✐t ✇❛s ✐♠♣❧❡♠❡♥t❡❞ ❛❝r♦ss t❤❡ ❝♦✉♥tr②✱ t❤✐s r❡❢♦r♠
❛♣♣❡❛rs t♦ ❤❛✈❡ ✐♥❞✉❝❡❞ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t ✐♥❝r❡❛s❡s ✐♥ ✜r♠ ❢♦r♠❛t✐♦♥ ❛♥❞ ❥♦❜ ❝r❡❛t✐♦♥✳

❍❛✈✐♥❣ s❛✐❞ ❛❧❧ t❤❛t✱ ❛ ♠♦r❡ ❞❡t❛✐❧❡❞ ❡①❛♠✐♥❛t✐♦♥ ♦❢ t❤❡ ❦✐♥❞ ♦❢ ✜r♠s ❛♥❞ ❥♦❜s ❝r❡❛t❡❞
❜② t❤✐s r❡❢♦r♠ s✉❣❣❡sts ❛ ♠♦r❡ ♥✉❛♥❝❡❞ ♣✐❝t✉r❡ ♦❢ ✐ts ❡✛❡❝ts✳ ❚❤❡ ♥❡✇ ✜r♠s ✇❤♦s❡ ❡♥tr② ✐s
❛ss♦❝✐❛t❡❞ ✇✐t❤ r❡❢♦r♠ ❛r❡ ❞❡❝✐❞❡❞❧② ❧♦✇✲t❡❝❤✱ ❤❡❛❞❡❞ ❜② ✐♥❡①♣❡r✐❡♥❝❡❞ ❡♥tr❡♣r❡♥❡✉rs✱ ❛♥❞
❛r❡ ❧❡ss ❧✐❦❡❧② t♦ s✉r✈✐✈❡ t❤❛♥ ✜r♠s ❢♦r♠❡❞ ✇❤❡♥ ❜❛rr✐❡rs ✇❡r❡ ❤✐❣❤❡r✳ P♦rt✉❣❛❧✬s ❤✐❣❤ ❡♥tr②
❜❛rr✐❡rs ✇❡r❡ ❛ s✐❣♥✐✜❝❛♥t ✐♠♣❡❞✐♠❡♥t t♦ ❧♦✇ q✉❛❧✐t② ✜r♠s ❛♥❞ ♠❛r❣✐♥❛❧ ❡♥tr❡♣r❡♥❡✉rs✱ ❜✉t
❛♣♣❛r❡♥t❧② r❡♣r❡s❡♥t❡❞ ❧❡ss ♦❢ ❛♥ ✐♠♣❡❞✐♠❡♥t t♦ ❤✐❣❤ q✉❛❧✐t② ✜r♠s✳ ❚❤❡ ♦✈❡r❛❧❧ s♦❝✐❛❧ ❣❛✐♥s
r❡s✉❧t✐♥❣ ❢r♦♠ t❤❡ r❡❢♦r♠ ❛r❡ ❧✐♠✐t❡❞ ❜② t❤❡ q✉❛❧✐t② ♦❢ t❤❡ ✜r♠s ✐t ❤❛s ❝r❡❛t❡❞✱ ❛t ❧❡❛st s♦

✶✼



❢❛r✳ ❘❡❢♦r♠ ❤❛s ❜r♦✉❣❤t ❜❡♥❡✜ts✱ ❜✉t ✐t ✐s ❤❛r❞❧② t❤❡ ♠❛❣✐❝ ❜✉❧❧❡t s♦♠❡ ♣♦❧✐❝②♠❛❦❡rs ♠❛②
❤❛✈❡ ❛♥t✐❝✐♣❛t❡❞✳

❚❤✐s ❝♦♥❝❧✉s✐♦♥ ❝♦♠❡s ✇✐t❤ s♦♠❡ ♦❜✈✐♦✉s ❝❛✈❡❛ts✳ ❲❡ ❤❛✈❡ ❞❡❧✐❜❡r❛t❡❧② ❛❞♦♣t❡❞ ❛
❝♦♥s❡r✈❛t✐✈❡ ❡♠♣✐r✐❝❛❧ s♣❡❝✐✜❝❛t✐♦♥ t❤❛t ❛tt❡♠♣ts t♦ ❝♦♥tr♦❧ ❛s ❝♦♠♣❧❡t❡❧② ❛s ♣♦ss✐❜❧❡ ❢♦r
❞✐✛❡r❡♥t✐❛❧ tr❡♥❞s ✐♥ ✜r♠ ❝r❡❛t✐♦♥ ❛t t❤❡ ❝♦✉♥t② ❧❡✈❡❧❀ t❤❡ ❝♦♥s❡r✈❛t✐✈❡ ♥❛t✉r❡ ♦❢ ♦✉r ❛♣♣r♦❛❝❤
❝♦✉❧❞ ❜✐❛s ♦✉r ❡st✐♠❛t❡s ❞♦✇♥✇❛r❞✳ ■♥ ❛❞❞✐t✐♦♥✱ t❤✐s r❡❢♦r♠ ✇❛s ✐♠♣❧❡♠❡♥t❡❞ ✐♥ ❛ ❞✐✣❝✉❧t
♠❛❝r♦❡❝♦♥♦♠✐❝ ❝♦♥t❡①t✳ P♦rt✉❣❛❧ ❡♠❡r❣❡❞ ❢r♦♠ r❡❝❡ss✐♦♥ ✐♥ ✷✵✵✸✱ ❜✉t ❣r♦✇t❤ s✐♥❝❡ t❤❡♥ ❤❛s
❜❡❡♥ ✇❡❛❦✱ ❝♦♥s✉♠♣t✐♦♥ ❛♥❞ ✐♥✈❡st♠❡♥t ❤❛✈❡ r❡♠❛✐♥❡❞ ❞❡♣r❡ss❡❞✱ ❛♥❞ ✉♥❡♠♣❧♦②♠❡♥t ❤❛s
❜❡❡♥ ❤✐❣❤✳ ■❢ ❛♥❞ ✇❤❡♥ t❤❡ ♠❛❝r♦❡❝♦♥♦♠✐❝ ❡♥✈✐r♦♥♠❡♥t ✐♠♣r♦✈❡s✱ t❤❡ ♥❡✇ ❛❞♠✐♥✐str❛t✐✈❡
r❡❣✐♠❡ ❝♦✉❧❞ ❤❛✈❡ ❛ str♦♥❣❡r ❡✛❡❝t ♦♥ ✜r♠ ❛♥❞ ❥♦❜ ❝r❡❛t✐♦♥ t❤❛♥ ✐s ❡✈✐❞❡♥❝❡❞ ❜② ♦✉r ❛♥❛❧②s✐s✳
❯♥❢♦rt✉♥❛t❡❧②✱ ❣✐✈❡♥ t❤❡ ❞❡♣t❤ ♦❢ P♦rt✉❣❛❧✬s ❝✉rr❡♥t ❡❝♦♥♦♠✐❝ ❞✐✣❝✉❧t✐❡s✱ ✐t ♠❛② ❜❡ s♦♠❡
t✐♠❡ ❜❡❢♦r❡ s❝❤♦❧❛rs ✇✐❧❧ ❜❡ ✐♥ ❛ ♣♦s✐t✐♦♥ t♦ ❡✈❛❧✉❛t❡ t❤✐s ♣♦ss✐❜✐❧✐t②✳
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❘❡❢❡r❡♥❝❡s

❆❣❤✐♦♥✱ P❤✐❧✐♣♣❡✱ ❘♦❜✐♥ ❇✉r❣❡ss✱ ❙t❡♣❤❡♥ ❏✳ ❘❡❞❞✐♥❣✱ ❛♥❞ ❋❛❜r✐③✐♦ ❩✐❧✐❜♦tt✐✳ ✏❚❤❡ ❯♥❡q✉❛❧
❊✛❡❝ts ♦❢ ▲✐❜❡r❛❧✐③❛t✐♦♥✿ ❊✈✐❞❡♥❝❡ ❢r♦♠ ❉✐s♠❛♥t❧✐♥❣ t❤❡ ▲✐❝❡♥s❡ ❘❛❥ ✐♥ ■♥❞✐❛✳✑ ❆♠❡r✐❝❛♥
❊❝♦♥♦♠✐❝ ❘❡✈✐❡✇ ✾✽✱ ✹✿ ✭✷✵✵✽✮ ✶✸✾✼✕✶✹✶✷✳

❆❧❡s✐♥❛✱ ❆❧❜❡rt♦✱ ❙✐❧✈✐❛ ❆r❞❛❣♥❛✱ ●✐✉s❡♣♣❡ ◆✐❝♦❧❡tt✐✱ ❛♥❞ ❋❛❜✐♦ ❙❝❤✐❛♥t❛r❡❧❧✐✳ ✏❘❡❣✉❧❛t✐♦♥ ❛♥❞
■♥✈❡st♠❡♥t✳✑ ❏♦✉r♥❛❧ ♦❢ t❤❡ ❊✉r♦♣❡❛♥ ❊❝♦♥♦♠✐❝ ❆ss♦❝✐❛t✐♦♥ ✸✱ ✹✿ ✭✷✵✵✺✮ ✼✾✶✕✽✷✺✳

❇❛rs❡❣❤②❛♥✱ ▲❡✈♦♥✳ ✏❊♥tr② ❈♦sts ❛♥❞ ❈r♦ss✲❝♦✉♥tr② ❉✐✛❡r❡♥❝❡s ✐♥ Pr♦❞✉❝t✐✈✐t② ❛♥❞ ❖✉t♣✉t✳✑
❏♦✉r♥❛❧ ♦❢ ❊❝♦♥♦♠✐❝ ●r♦✇t❤ ✶✸✱ ✷✿ ✭✷✵✵✽✮ ✶✹✺✕✶✻✼✳
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▼❛♥❛❣❡♠❡♥t ❙❝✐❡♥❝❡ ✷✱ ✶✿ ✭✶✾✼✶✮ ✸✕✷✶✳

❲♦r❧❞ ❇❛♥❦✳ ✏❉♦✐♥❣ ❇✉s✐♥❡ss ✐♥ ✷✵✵✼✿ ❍♦✇ t♦ ❘❡❢♦r♠✳✑ ❚❡❝❤♥✐❝❛❧ r❡♣♦rt✱ ❲♦r❧❞ ❇❛♥❦✱
❲❛s❤✐♥❣t♦♥ ❉✳❈✳✱ ✷✵✵✻✳

❨❛❦♦✈❧❡✈✱ ❊✈❣❡♥②✱ ❛♥❞ ❊❦❛t❡r✐♥❛ ❱✳ ❩❤✉r❛✈s❦❛②❛✳ ✏❉❡r❡❣✉❧❛t✐♦♥ ♦❢ ❇✉s✐♥❡ss✳✑ ❈❊❋■❘✴ ◆❊❙
❲♦r❦✐♥❣ P❛♣❡r ✾✼✳

✷✵



❋✐❣✉r❡ ✶✿ ❙t❛rt✲✉♣ Pr♦❝❡❞✉r❡s ✐♥ P♦rt✉❣❛❧✱ ❇❡❢♦r❡ ❛♥❞ ❆❢t❡r t❤❡ ✏❖♥ t❤❡ ❙♣♦t ❋✐r♠✑ Pr♦❣r❛♠

◆♦t❡✿ ❚❤❡ r❡❣✐str❛t✐♦♥ ♣r♦❝❡❞✉r❡s ❛r❡ ❧✐♥❡❞ ✉♣ s❡q✉❡♥t✐❛❧❧②✳ ❇✉s✐♥❡ss ❞❛②s r❡q✉✐r❡❞ t♦
❝♦♠♣❧❡t❡ ❡❛❝❤ ♣r♦❝❡❞✉r❡ ❛r❡ ♠❡❛s✉r❡❞ ❛❣❛✐♥st t❤❡ ❤♦r✐③♦♥t❛❧ s❝❛❧❡✳

✷✶



❋✐❣✉r❡ ✷✿ ❈♦❡✣❝✐❡♥ts ♦♥ t❤❡ Pr♦❣r❛♠ ▼♦♥t❤ ❉✉♠♠✐❡s ❢♦r ❋✐r♠ ❊♥tr②

◆♦t❡✿ ❚❤❡ ✜❣✉r❡ ♣❧♦ts t❤❡ ❝♦❡✣❝✐❡♥ts θl ❢r♦♠ ❊q✉❛t✐♦♥ ✭✶✵✮✱ ✇✐t❤ ❛ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡✱
♥✉♠❜❡r ♦❢ ✜r♠s ❡st❛❜❧✐s❤❡❞ ✐♥ ❛ ❝♦✉♥t② ♣❡r ✶✵✵✱✵✵✵ ✐♥❤❛❜✐t❛♥ts✳ ❱❡rt✐❝❛❧ ❧✐♥❡s ❛r❡ t❤❡ ✾✺
♣❡r❝❡♥t ❝♦♥✜❞❡♥❝❡ ✐♥t❡r✈❛❧s ❢♦r t❤❡ ❝♦❡✣❝✐❡♥ts✳ ❚❤❡ F st❛t✐st✐❝ ❢♦r ♣r❡ ♣❡r✐♦❞ ✐s ✶✳✶✷✷
✭♣✲✈❛❧✉❡ ✐s ✵✳✸✹✼✮❀ F t❡st st❛t✐st✐❝ ❢♦r ♣♦st ♣❡r✐♦❞ ✐s ✷✳✽✸✾ ✭♣✲✈❛❧✉❡ ✐s ✵✳✵✵✶✶✮✳

✷✷



❋✐❣✉r❡ ✸✿ ❈♦❡✣❝✐❡♥ts ♦♥ t❤❡ Pr♦❣r❛♠ ▼♦♥t❤ ❉✉♠♠✐❡s ❢♦r ❏♦❜ ❈r❡❛t✐♦♥

◆♦t❡✿ ❚❤❡ ✜❣✉r❡ ♣❧♦ts t❤❡ ❝♦❡✣❝✐❡♥ts θl ❢r♦♠ ❊q✉❛t✐♦♥ ✭✶✵✮✱ ✇✐t❤ ❛ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡✱
♥✉♠❜❡r ♦❢ ❡♠♣❧♦②❡❡s ❛t ♥❡✇❧②✲❡st❛❜❧✐s❤❡❞ ✜r♠s ✐♥ ❛ ❝♦✉♥t② ♣❡r ✶✵✵✱✵✵✵ ✐♥❤❛❜✐t❛♥ts✳ ❱❡rt✐❝❛❧
❧✐♥❡s ❛r❡ t❤❡ ✾✺ ♣❡r❝❡♥t ❝♦♥✜❞❡♥❝❡ ✐♥t❡r✈❛❧s ❢♦r t❤❡ ❝♦❡✣❝✐❡♥ts✳ ❚❤❡ F st❛t✐st✐❝ ❢♦r ♣r❡ ♣❡r✐♦❞
✐s ✶✳✺✼✽ ✭♣✲✈❛❧✉❡ ✐s ✵✳✶✷✶✮❀ F t❡st st❛t✐st✐❝ ❢♦r ♣♦st ♣❡r✐♦❞ ✐s ✷✳✽✽✾ ✭♣✲✈❛❧✉❡ ✐s ✵✳✵✵✽✺✮✳

✷✸



❋✐❣✉r❡ ✹✿ ❈♦❡✣❝✐❡♥ts ♦♥ t❤❡ Pr♦❣r❛♠ ▼♦♥t❤ ❉✉♠♠✐❡s ❢♦r ❚✇♦ ❨❡❛r ❙✉r✈✐✈❛❧

◆♦t❡✿ ❚❤❡ ✜❣✉r❡ ♣❧♦ts t❤❡ ❝♦❡✣❝✐❡♥ts θl ❢r♦♠ ❊q✉❛t✐♦♥ ✭✶✶✮✱ ✇✐t❤ ❛♥ ✐♥❞✐❝❛t♦r ❞❡♣❡♥❞❡♥t
✈❛r✐❛❜❧❡ ❡q✉❛❧ t♦ ✶ ✐❢ t❤❡ ✜r♠ s✉r✈✐✈❡❞ t✇♦ ②❡❛rs✳ ❱❡rt✐❝❛❧ ❧✐♥❡s ❛r❡ t❤❡ ✾✺ ♣❡r❝❡♥t ❝♦♥✜❞❡♥❝❡
✐♥t❡r✈❛❧s ❢♦r t❤❡ ❝♦❡✣❝✐❡♥ts✳ ❚❤❡ F st❛t✐st✐❝ ❢♦r ♣r❡ ♣❡r✐♦❞ ✐s ✵✳✻✺ ✭♣✲✈❛❧✉❡ ✐s ✵✳✼✺✻✮❀ F t❡st
st❛t✐st✐❝ ❢♦r ♣♦st ♣❡r✐♦❞ ✐s ✸✳✻✾ ✭♣✲✈❛❧✉❡ ✐s ❧❡ss t❤❛♥ ✵✳✵✵✶✮✳

✷✹



❚❛❜❧❡ ✶✿ ❖♥❡✲❙t♦♣ ❙❤♦♣ Pr♦❣r❛♠ ❆❞♦♣t✐♦♥

✷✵✵✺ ✷✵✵✻ ✷✵✵✼ ✷✵✵✽ ✷✵✵✾ ❚♦t❛❧

◆✉♠❜❡r ♦❢ s❤♦♣s ✷✵ ✷✽ ✸✶ ✸✻ ✹✾ ✶✻✹

◆✉♠❜❡r ♦❢ ❝♦✉♥t✐❡s ✐♠♣❧❡♠❡♥t✐♥❣ ✶✸ ✷✹ ✷✽ ✸✹ ✹✻ ✶✸✺

◆✉♠❜❡r ♦❢ ❝♦✉♥t✐❡s >✶ s❤♦♣ ✻ ✸ ✶ ✷ ✵ ✶✷

◆♦t❡✿ ❚❤❡ ❢♦❧❧♦✇✐♥❣ ❝♦✉♥t✐❡s ❤❛✈❡ ♠♦r❡ t❤❛♥ ♦♥❡ ♦♥❡✲st♦♣ s❤♦♣✿ ❆✈❡✐r♦✱ ❇r❛❣❛✱ ❈❛st❡❧♦
❇r❛♥❝♦✱ ❈♦✐♠❜r❛✱ ●✉❛r❞❛✱ ▲❡✐r✐❛✱ ▲✐s❜♦♥✱ ▲♦✉❧é✱ ❖❞✐✈❡❧❛s✱ P♦rt♦✱ ❙❡tú❜❛❧✱ ❛♥❞ ❱✐s❡✉✳

✷✺



❚❛❜❧❡ ✷✿ ❉❡s❝r✐♣t✐✈❡ ❙t❛t✐st✐❝s

❇❡❢♦r❡ ❆❢t❡r ❉✐✛

❆✳ ❋✐r♠ ❊♥tr② ❛♥❞ ❏♦❜ ❈r❡❛t✐♦♥

◆✉♠❜❡r ♦❢ ❋✐r♠s ✶✾✶✳✵ ✷✶✹✳✼ ✷✸✳✻✾✯
✭✽✳✾✶✻✮ ✭✶✵✳✽✾✮ ✭✶✹✳✵✼✮
✺✼ ✺✼ ✶✶✹

❏♦❜ ❈r❡❛t✐♦♥ ✻✵✵✳✸ ✻✸✵✳✽ ✸✵✳✹✺
✭✸✾✳✸✸✮ ✭✹✵✳✻✻✮ ✭✺✻✳✺✼✮
✺✼ ✺✼ ✶✶✹

❇✳ ❋✐r♠ ❈❤❛r❛❝t❡r✐st✐❝s

❙✐③❡ ✸✳✼✸✺ ✸✳✹✾✸ ✲✵✳✷✹✶✯✯
✭✵✳✵✽✶✻✮ ✭✵✳✵✻✵✵✮ ✭✵✳✶✵✶✮
✻✶✽✻ ✻✾✽✶ ✶✸✶✻✼

✷ ❨❡❛r ❙✉r✈✐✈❛❧ ✵✳✽✸✸ ✵✳✽✵✶ ✲✵✳✵✸✷✾✯✯
✭✵✳✵✶✵✾✮ ✭✵✳✵✶✵✽✮ ✭✵✳✵✶✺✸✮
✶✶✻✺ ✶✸✼✾ ✷✺✹✹

❈✳ ❊♥tr❡♣r❡♥❡✉r ❈❤❛r❛❝t❡r✐st✐❝s

Pr♦♣♦rt✐♦♥ ▼❛❧❡ ✵✳✻✻✼ ✵✳✻✺✾ ✲✵✳✵✵✼✶✹
✭✵✳✵✵✺✾✾✮ ✭✵✳✵✵✺✻✼✮ ✭✵✳✵✵✽✷✺✮
✻✶✽✻ ✻✾✽✶ ✶✸✶✻✼

❆✈❡r❛❣❡ ❆❣❡ ✸✺✳✽✷ ✸✺✳✽✻ ✵✳✵✸✼✺
✭✵✳✶✶✹✮ ✭✵✳✶✵✾✮ ✭✵✳✶✺✽✮
✻✶✽✻ ✻✾✽✶ ✶✸✶✻✼

Pr♦♣♦rt✐♦♥ ◆♦✈✐❝❡ ✵✳✺✹✽ ✵✳✺✽✶ ✵✳✵✸✸✻✯✯✯
✭✵✳✵✵✻✹✻✮ ✭✵✳✵✵✻✵✹✮ ✭✵✳✵✵✽✽✹✮
✺✾✹✸ ✻✻✻✽ ✶✷✻✶✶

Pr♦♣♦rt✐♦♥ ❍❛❜✐t✉❛❧ ✵✳✶✻✽ ✵✳✶✺✷ ✲✵✳✵✶✺✽✯✯
✭✵✳✵✵✹✽✺✮ ✭✵✳✵✵✹✸✾✮ ✭✵✳✵✵✻✺✹✮
✺✾✹✸ ✻✻✻✽ ✶✷✻✶✶

◆♦t❡✿ ❚❤❡ t❛❜❧❡ r❡♣♦rts ✈❛r✐♦✉s ❞❡s❝r✐♣t✐✈❡ st❛t✐st✐❝s ❢♦r ❝♦✉♥t✐❡s t❤❛t ♦♣❡♥❡❞ ♦♥❡✲st♦♣ s❤♦♣s
✐♥ ❛ ✶✷✲♠♦♥t❤ ✇✐♥❞♦✇ ❜❡❢♦r❡ t❤❡ s❤♦♣ ♦♣❡♥❡❞ ❛♥❞ ❛ ✶✷✲♠♦♥t❤ ✇✐♥❞♦✇ ❛❢t❡r t❤❡ s❤♦♣ ♦♣❡♥❡❞✳
❘♦❜✉st st❛♥❞❛r❞ ❡rr♦rs ❛r❡ ✐♥ ♣❛r❡♥t❤❡s❡s ❛♥❞ t❤❡ ♥✉♠❜❡r ♦❢ ♦❜s❡r✈❛t✐♦♥s ✐s ♣r❡s❡♥t❡❞ ❜❡❧♦✇✳
✯✯✯ ❞❡♥♦t❡s st❛t✐st✐❝❛❧ s✐❣♥✐✜❝❛♥❝❡ ❛t ✶✪✱ ✯✯ s✐❣♥✐✜❝❛♥❝❡ ❛t ✺✪ ✱ ✯ s✐❣♥✐✜❝❛♥❝❡ ❛t ✶✵✪✳

✷✻



❚❛❜❧❡ ✸✿ ■♠♣❛❝t ♦❢ ✏❖♥ t❤❡ ❙♣♦t ❋✐r♠✑ Pr♦❣r❛♠ ♦♥ ❊♥tr② ❛♥❞ ❏♦❜ ❈r❡❛t✐♦♥

P❛♥❡❧ ❆✳ ❋✐r♠ ❊♥tr②

❆❧❧ ❋✐r♠s ❖♥❡ ❊♠♣❧♦②❡❡ ❚✇♦ ❊♠♣❧♦②❡❡s ❚❤r❡❡ t♦ ❋✐✈❡ ▼♦r❡ t❤❛♥ ❋✐✈❡
❊♠♣❧♦②❡❡s ❊♠♣❧♦②❡❡s

✭✶✮ ✭✷✮ ✭✸✮ ✭✹✮ ✭✺✮

❖♥❡✲❙t♦♣ ❙❤♦♣ (Z = 1) ✶✳✾✾✾✯✯✯ ✵✳✺✹✹ ✵✳✺✽✺✯✯ ✵✳✻✶✶✯✯ ✵✳✷✺✾
✭✵✳✻✺✺✮ ✭✵✳✹✷✻✮ ✭✵✳✷✹✶✮ ✭✵✳✷✻✷✮ ✭✵✳✷✶✷✮

❊❝♦♥✳ ❆❝t✐✈✐t② ■♥❞❡① ✵✳✶✺✻✯✯ ✵✳✵✸✷✼ ✵✳✵✺✹✹✯✯✯ ✵✳✵✺✹✶✯✯ ✵✳✵✶✺✷
✭✵✳✵✼✺✺✮ ✭✵✳✵✷✽✺✮ ✭✵✳✵✶✵✽✮ ✭✵✳✵✷✷✽✮ ✭✵✳✵✶✾✹✮

❖❜s❡r✈❛t✐♦♥s ✸✷✻✹✽ ✸✷✻✹✽ ✸✷✻✹✽ ✸✷✻✹✽ ✸✷✻✹✽
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✭✵✳✵✵✵✸✶✵✮ ✭✵✳✵✵✵✷✽✺✮

❆❣❡ ✸✵✲✸✾ ✵✳✵✵✷✶✸✯✯✯ ✵✳✵✵✷✵✹✯✯✯
✭✵✳✵✵✵✶✽✻✮ ✭✵✳✵✵✵✷✶✵✮

❆❣❡ ✹✵✲✹✾ ✵✳✵✵✶✹✷✯✯✯ ✵✳✵✵✶✷✻✯✯✯
✭✵✳✵✵✵✶✻✸✮ ✭✵✳✵✵✵✷✵✽✮

❆❣❡ ✺✵✲✻✵ ✵✳✵✵✵✷✵✻ ✲✵✳✵✵✵✶✷✶
✭✵✳✵✵✵✶✼✾✮ ✭✵✳✵✵✵✷✷✽✮

▲♦✇ ❡❞✉❝❛t✐♦♥ ✵✳✵✵✷✹✵✯✯✯ ✵✳✵✵✷✸✺✯✯✯
✭✵✳✵✵✵✷✸✾✮ ✭✵✳✵✵✵✷✻✺✮

▼❡❞✐✉♠ ❡❞✉❝❛t✐♦♥ ✵✳✵✵✺✽✵✯✯✯ ✵✳✵✵✺✾✵✯✯✯
✭✵✳✵✵✵✻✷✾✮ ✭✵✳✵✵✵✺✾✹✮

❍✐❣❤ ❡❞✉❝❛t✐♦♥ ✵✳✵✵✽✼✼✯✯✯ ✵✳✵✵✾✷✻✯✯✯
✭✵✳✵✵✵✼✼✼✮ ✭✵✳✵✵✵✼✹✼✮

✭●❡♥❞❡r✮×Z ✲✵✳✵✵✵✼✾✵✯✯✯
✭✵✳✵✵✵✷✹✻✮

✭❆❣❡ ✸✵✲✸✾✮×Z ✵✳✵✵✵✸✻✽
✭✵✳✵✵✵✷✹✸✮

✭❆❣❡ ✹✵✲✹✾✮×Z ✵✳✵✵✵✺✽✷✯✯
✭✵✳✵✵✵✷✻✾✮

✭❆❣❡ ✺✵✲✻✵✮×Z ✵✳✵✵✶✶✹✯✯✯
✭✵✳✵✵✵✸✼✾✮

✭▲♦✇ ❡❞✉❝✮×Z ✵✳✵✵✵✶✸✷
✭✵✳✵✵✵✶✾✺✮

✭▼❡❞✐✉♠ ❡❞✉❝✮×Z ✲✵✳✵✵✵✶✼✽
✭✵✳✵✵✵✶✻✵✮

✭❍✐❣❤ ❡❞✉❝✮×Z ✲✵✳✵✵✵✹✻✶✯✯✯
✭✵✳✵✵✵✶✻✽✮

●❞♣ ✷✳✾✻❡✲✵✼✯✯✯ ✸✳✸✸❡✲✵✼✯✯✯
✭✼✳✼✶❡✲✵✽✮ ✭✽✳✽✷❡✲✵✽✮

❈♦♥st❛♥t ✲✵✳✵✵✾✼✺✯✯✯ ✲✵✳✵✵✾✻✹✯✯✯
✭✵✳✵✵✵✹✹✶✮ ✭✵✳✵✵✵✹✸✶✮

❖❜s❡r✈❛t✐♦♥s ✺✵✼✶✻✷✼ ✺✵✼✶✻✷✼
❆❞❥✉st❡❞ ❘✲sq✉❛r❡❞ ✵✳✵✵✸ ✵✳✵✵✸

◆♦t❡✿ ❚❤❡ t❛❜❧❡ r❡♣♦rts ❡st✐♠❛t❡❞ ❝♦❡✣❝✐❡♥ts ❢♦r ✭✶✷✮✳ ❚❤❡ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡ ❡q✉❛❧s ✶
✐❢ t❤❡ ✐♥❞✐✈✐❞✉❛❧ ✐s ❛♥ ❡♥tr❡♣r❡♥❡✉r✱ ✵ ♦t❤❡r✇✐s❡✳ ❨❡❛r ❛♥❞ ❝♦✉♥t② ✜①❡❞ ❡✛❡❝ts ❛r❡ ✐♥❝❧✉❞❡❞
❜✉t ♥♦t r❡♣♦rt❡❞✳ ❙t❛♥❞❛r❞ ❡rr♦rs ❝❧✉st❡r❡❞ ❛t t❤❡ ❝♦✉♥t② ❧❡✈❡❧ ❛r❡ ✐♥ ♣❛r❡♥t❤❡s❡s✳ ✯✯✯
❞❡♥♦t❡s st❛t✐st✐❝❛❧ s✐❣♥✐✜❝❛♥❝❡ ❛t ✶✪✱ ✯✯ s✐❣♥✐✜❝❛♥❝❡ ❛t ✺✪✱ ✯ s✐❣♥✐✜❝❛♥❝❡ ❛t ✶✵✪✳

✸✵



❆ ❆♣♣❡♥❞✐①

❆✳✶ ▲✐st ♦❢ ◆♦♥✲❊❧✐❣✐❜❧❡ ■♥❞✉str✐❡s

❉✐✈✐s✐♦♥ ◆♦♥✲❡❧✐❣✐❜❧❡ ✐♥❞✉str✐❡s ❛♥❞ ♦❝❝✉♣❛t✐♦♥s

▼❛♥✉❢❛❝t✉r✐♥❣ ❆r♠s ❛♥❞ ❆♠♠✉♥✐t✐♦♥s
❚r❛♥s♣♦rt❛t✐♦♥ ❛♥❞ ❈♦♠♠✉♥✐❝❛t✐♦♥ ❘❛✐❧r♦❛❞ ❚r❛♥s♣♦rt❛t✐♦♥

▲♦❝❛❧ ❛♥❞ ❙✉❜✉r❜❛♥ ❚r❛♥s✐t ❛♥❞ ■♥t❡r✉r❜❛♥ P❛ss❡♥❣❡r ❚r❛♥s♣♦rt❛t✐♦♥
▼♦t♦r ❋r❡✐❣❤t ❚r❛♥s♣♦rt❛t✐♦♥

❲❛t❡r ❚r❛♥s✐t
❚r❛♥s♣♦rt❛t✐♦♥ ❜② ❆✐r

❚r❛♥s♣♦rt❛t✐♦♥ ❙❡r✈✐❝❡s ✭❡✳❣✳ st♦r❛❣❡✱ ❛❞♠✐♥✐str❛t✐✈❡ s❡r✈✐❝❡s✮
❚❡❧❡♣❤♦♥❡ ❈♦♠♠✉♥✐❝❛t✐♦♥s

❚❡❧❡✈✐s✐♦♥ ❇r♦❛❞❝❛st✐♥❣ ❙t❛t✐♦♥s
❏♦✉r♥❛❧✐s♠

❘❡t❛✐❧ ❚r❛❞❡ ❆✉t♦♠♦t✐✈❡ ❉❡❛❧❡rs
●❛s♦❧✐♥❡ ❙❡r✈✐❝❡ ❙t❛t✐♦♥s

❈❛t❡r✐♥❣
❉r✉❣ ❙t♦r❡s

❘❡t❛✐❧ ♦❢ ❆r♠s ❛♥❞ ❆♠♠✉♥✐t✐♦♥s
❘❡t❛✐❧ ♦❢ ❊❧❡❝tr✐❝ ❊♥❡r❣②

❋✐♥❛♥❝❡✱ ■♥s✉r❛♥❝❡✱ ❆♥❞ ❘❡❛❧ ❊st❛t❡ ❈♦♠♠❡r❝✐❛❧ ❇❛♥❦s
❙❡❝✉r✐t② ❇r♦❦❡rs ❛♥❞ ❉❡❛❧❡rs

P❡♥s✐♦♥ ❋✉♥❞s
■♥s✉r❛♥❝❡ ❈❛rr✐❡rs
■♥s✉r❛♥❝❡ ❆❣❡♥ts
■♥✈❡st♠❡♥t ❖✣❝❡s

❘❡❛❧ ❊st❛t❡
❙❡r✈✐❝❡s ❍♦t❡❧s✱ ❇♦❛r❞✐♥❣ ❍♦✉s❡s ❛♥❞ ❙♣❛s

❉❡t❡❝t✐✈❡ ❛♥❞ ●✉❛r❞ ❙❡r✈✐❝❡s
❆✉t♦♠♦❜✐❧❡ ■♥s♣❡❝t✐♦♥s
Pr♦❢❡ss✐♦♥❛❧ ❙♣♦rts ❈❧✉❜s

●❛♠❜❧✐♥❣ ❊st❛❜❧✐s❤♠❡♥ts ❛♥❞ ❈❛s✐♥♦s
▲❡❣❛❧ ❙❡r✈✐❝❡s

Pr♦❢❡ss✐♦♥❛❧ ❙❝❤♦♦❧s
❊♠♣❧♦②♠❡♥t ❙❡r✈✐❝❡s✴ ❆❣❡♥❝✐❡s

❱♦❝❛t✐♦♥❛❧ ❚r❛✐♥✐♥❣
❉r✐✈✐♥❣ ❙❝❤♦♦❧s
❩♦♦❧♦❣✐❝❛❧ P❛r❦s

❆❝❝♦✉♥t✐♥❣✱ ❆✉❞✐t✐♥❣✱ ❛♥❞ ❇♦♦❦❦❡❡♣✐♥❣ ❙❡r✈✐❝❡s
▼❛♥❛❣❡♠❡♥t ❙❡r✈✐❝❡s ❛♥❞ ❍♦❧❞✐♥❣s

❚♦✇✐♥❣ ❙❡r✈✐❝❡s
❈❛r ❘❡♥t❛❧ ❙❡r✈✐❝❡s

❈❛r ■♥s♣❡❝t✐♦♥ ❙❡r✈✐❝❡
❋✉♥❡r❛❧ ❍♦✉s❡s

P✉❜❧✐❝ ❆❞♠✐♥✐str❛t✐♦♥ ❆❧❧

✸✶



❆✳✷ ❖♥❡✲❙t♦♣ ❙❤♦♣ ❖♣❡♥✐♥❣ ❉❛t❡s

❖♥❡✲❙t♦♣ ❙❤♦♣ ❈♦✉♥t② ❖♣❡♥♥✐♥❣ ❉❛t❡ ❈❧♦s✐♥❣ ❉❛t❡

❈❘❈ ❆✈❡✐r♦ ❆✈❡✐r♦ ❏✉❧ ✶✹✱ ✷✵✵✺
❈❘❈ ❇❛rr❡✐r♦ ❇❛rr❡✐r♦ ❏✉❧ ✶✹✱ ✷✵✵✺
❈❘❈ ❈♦✐♠❜r❛ ❈♦✐♠❜r❛ ❏✉❧ ✶✹✱ ✷✵✵✺
❈❘❈ ▼♦✐t❛ ▼♦✐t❛ ❏✉❧ ✶✹✱ ✷✵✵✺
❈❋❊ ❆✈❡✐r♦ ❆✈❡✐r♦ ❏✉❧ ✶✹✱ ✷✵✵✺
❈❋❊ ❈♦✐♠❜r❛ ❈♦✐♠❜r❛ ❏✉❧ ✶✹✱ ✷✵✵✺
❈❘❈ ❇❡❥❛ ❇❡❥❛ ◆♦✈ ✶✺✱ ✷✵✵✺
❈❘❈ ❇r❛❣❛ ❇r❛❣❛ ◆♦✈ ✶✺✱ ✷✵✵✺
❈❘❈ ❇r❛❣❛♥ç❛ ❇r❛❣❛♥ç❛ ◆♦✈ ✶✺✱ ✷✵✵✺
❈❘❈ ●✉❛r❞❛ ●✉❛r❞❛ ◆♦✈ ✶✺✱ ✷✵✵✺
❈❘❈ ❱✳◆✳ ●❛✐❛ ❱✐❧❛ ◆♦✈❛ ❞❡ ●❛✐❛ ◆♦✈ ✶✺✱ ✷✵✵✺
❈❋❊ ❇r❛❣❛ ❇r❛❣❛ ◆♦✈ ✶✺✱ ✷✵✵✺
❈❘❈ ▲♦✉❧é ▲♦✉❧é ❉❡❝ ✷✼✱ ✷✵✵✺
❈❘❈ ❙✐♥tr❛ ❙✐♥tr❛ ❉❡❝ ✷✼✱ ✷✵✵✺
❈❘❈ ❱✐s❡✉ ❱✐s❡✉ ❉❡❝ ✷✼✱ ✷✵✵✺
❘◆P❈ ▲✐s❜♦❛ ▲✐s❜♦❛ ❉❡❝ ✷✼✱ ✷✵✵✺
❈❋❊ ▲✐s❜♦❛ ■ ▲✐s❜♦❛ ❉❡❝ ✷✼✱ ✷✵✵✺ ❋❡❜ ✽✱ ✷✵✵✽
❈❋❊ ▲✐s❜♦❛ ■■ ▲✐s❜♦❛ ❉❡❝ ✷✼✱ ✷✵✵✺
❈❋❊ ▲♦✉❧é ▲♦✉❧é ❉❡❝ ✷✼✱ ✷✵✵✺
❈❋❊ ❱✐s❡✉ ❱✐s❡✉ ❉❡❝ ✷✼✱ ✷✵✵✺
❈❘❈ ➱✈♦r❛ ➱✈♦r❛ ❏❛♥ ✷✼✱ ✷✵✵✻
❈❘❈ ▲❡✐r✐❛ ▲❡✐r✐❛ ❏❛♥ ✷✼✱ ✷✵✵✻
❈❘❈ ❙❛♥t❛ré♠ ❙❛♥t❛ré♠ ❏❛♥ ✷✼✱ ✷✵✵✻ ❏❛♥ ✷✵✱ ✷✵✵✾
❈❘❈ ❱✐❛♥❛ ❞♦ ❈❛st❡❧♦ ❱✐❛♥❛ ❞♦ ❈❛st❡❧♦ ❏❛♥ ✷✼✱ ✷✵✵✻
❈❋❊ ▲❡✐r✐❛ ▲❡✐r✐❛ ❏❛♥ ✷✼✱ ✷✵✵✻
❈❘❈ ❈❛st❡❧♦ ❇r❛♥❝♦ ❈❛st❡❧♦ ❇r❛♥❝♦ ❋❡❜ ✷✹✱ ✷✵✵✻
❈❘❈ P♦rt❛❧❡❣r❡ P♦rt❛❧❡❣r❡ ❋❡❜ ✷✹✱ ✷✵✵✻
❈❘❈ ❙❡tú❜❛❧ ❙❡tú❜❛❧ ❋❡❜ ✷✹✱ ✷✵✵✻
❈❘❈ ❱✐❧❛ ❘❡❛❧ ❱✐❧❛ ❘❡❛❧ ❋❡❜ ✷✹✱ ✷✵✵✻
❈❋❊ ❙❡tú❜❛❧ ❙❡tú❜❛❧ ❋❡❜ ✷✹✱ ✷✵✵✻
❈❘❈ P♦rt♦ P♦rt♦ ▼❛r ✸✶✱ ✷✵✵✻
❈❋❊ P♦rt♦ P♦rt♦ ▼❛r ✸✶✱ ✷✵✵✻
❈❋❊ ❋✉♥❝❤❛❧ ❋✉♥❝❤❛❧ ❆♣r ✶✶✱ ✷✵✵✻
❈❘❈ ●♦♥❞♦♠❛r ●♦♥❞♦♠❛r ❆♣r ✷✽✱ ✷✵✵✻
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❈❘P ❋❡rr❡✐r❛ ❞♦ ❆❧❡♥t❡❥♦ ❋❡rr❡✐r❛ ❞♦ ❆❧❡♥t❡❥♦ ❆♣r ✽✱ ✷✵✵✾
❈❘P P❡❞r♦❣â♦ ●r❛♥❞❡ P❡❞r♦❣â♦ ●r❛♥❞❡ ❆♣r ✽✱ ✷✵✵✾
❈❘P ❱❛❧♣❛ç♦s ❱❛❧♣❛ç♦s ❆♣r ✽✱ ✷✵✵✾
❈❘P P❡♥❛✜❡❧ P❡♥❛✜❡❧ ❆♣r ✽✱ ✷✵✵✾
❈❘P ▼✉rt♦s❛ ▼✉rt♦s❛ ❆♣r ✽✱ ✷✵✵✾
❈❘P ❆r❣❛♥✐❧ ❆r❣❛♥✐❧ ▼❛② ✹✱ ✷✵✵✾
❈❘P ▼❛❢r❛ ▼❛❢r❛ ▼❛② ✹✱ ✷✵✵✾
❈❘P ❆r♠❛♠❛r ❆r♠❛♠❛r ▼❛② ✹✱ ✷✵✵✾
❈❘P ❆r♦✉❝❛ ❆r♦✉❝❛ ▼❛② ✹✱ ✷✵✵✾
❈❘P ❱✐❧❛ ❋❧♦r ❱✐❧❛ ❋❧♦r ▼❛② ✹✱ ✷✵✵✾
❈❘P ❆③❛♠❜✉❥❛ ❆③❛♠❜✉❥❛ ▼❛② ✷✾✱ ✷✵✵✾
❈❘P ❈❛❞❛✈❛❧ ❈❛❞❛✈❛❧ ▼❛② ✷✾✱ ✷✵✵✾
❈❘P ❙♦❜r❛❧ ❞❡ ▼♦♥t❡ ❆❣r❛ç♦ ❙♦❜r❛❧ ❞❡ ▼♦♥t❡ ❆❣r❛ç♦ ▼❛② ✷✾✱ ✷✵✵✾
❈❘P ❘❡s❡♥❞❡ ❘❡s❡♥❞❡ ▼❛② ✷✾✱ ✷✵✵✾
❈❘P ❈❛st❛♥❤❡✐r❛ ❞❡ Pêr❛ ❈❛st❛♥❤❡✐r❛ ❞❡ Pêr❛ ❏✉♥ ✶✽✱ ✷✵✵✾
❈❘P ❇❛t❛❧❤❛ ❇❛t❛❧❤❛ ❏✉♥ ✷✺✱ ✷✵✵✾
❈❘P ❖✉r✐q✉❡ ❖✉r✐q✉❡ ❏✉♥ ✷✺✱ ✷✵✵✾
❈❘P ❘✐♦ ▼❛✐♦r ❘✐♦ ▼❛✐♦r ❏✉♥ ✷✺✱ ✷✵✵✾
❈❘P ❇❛r❝❡❧♦s ❇❛r❝❡❧♦s ❏✉❧ ✾✱ ✷✵✵✾
❈❘P ❚❛✈✐r❛ ❚❛✈✐r❛ ❆✉❣ ✸✶✱ ✷✵✵✾
❈❘P ❆rr✉❞❛ ❞♦s ❱✐♥❤♦s ❆rr✉❞❛ ❞♦s ❱✐♥❤♦s ❙❡♣ ✼✱ ✷✵✵✾
❈❘P ❈❛rt❛①♦ ❈❛rt❛①♦ ❙❡♣ ✼✱ ✷✵✵✾
❈❘P ❱✐♠✐♦s♦ ❱✐♠✐♦s♦ ❙❡♣ ✼✱ ✷✵✵✾
❈❘P P❡♥✐❝❤❡ P❡♥✐❝❤❡ ❙❡♣ ✼✱ ✷✵✵✾
❈❘P ❙❡✐①❛❧ ❙❡✐①❛❧ ❙❡♣ ✼✱ ✷✵✵✾
❈❘P ❱♦✉③❡❧❛ ❱♦✉③❡❧❛ ❙❡♣ ✼✱ ✷✵✵✾
❈❘P ❈❛♠♣♦ ▼❛✐♦r ❈❛♠♣♦ ▼❛✐♦r ❙❡♣ ✼✱ ✷✵✵✾
❈❘P ❊♥tr♦♥❝❛♠❡♥t♦ ❊♥tr♦♥❝❛♠❡♥t♦ ❖❝t ✷✱ ✷✵✵✾
❈❘P ❋r❡✐①♦ ❞❡ ❊s♣❛❞❛ á ❈✐♥t❛ ❋r❡✐①♦ ❞❡ ❊s♣❛❞❛ á ❈✐♥t❛ ❖❝t ✷✱ ✷✵✵✾
❈❘P ▼❛r✐♥❤❛ ●r❛♥❞❡ ▼❛r✐♥❤❛ ●r❛♥❞❡ ❖❝t ✷✱ ✷✵✵✾
❈❘P ❖❧✐✈❡✐r❛ ❞♦ ❍♦s♣✐t❛❧ ❖❧✐✈❡✐r❛ ❞♦ ❍♦s♣✐t❛❧ ❖❝t ✷✱ ✷✵✵✾
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❖♥❡✲❙t♦♣ ❙❤♦♣ ❈♦✉♥t② ❖♣❡♥♥✐♥❣ ❉❛t❡ ❈❧♦s✐♥❣ ❉❛t❡

❈❘P ❆❧❡♥q✉❡r ❆❧❡♥q✉❡r ❖❝t ✷✼✱ ✷✵✵✾
❈❘P ▲♦✉r✐♥❤ã ▲♦✉r✐♥❤ã ❖❝t ✷✼✱ ✷✵✵✾
❈❘P ◆❛③❛ré ◆❛③❛ré ❖❝t ✷✼✱ ✷✵✵✾
❙■❘✲ ❙♦❧✉çõ❡s ■♥t❡❣r❛❞❛s ❞❡ ❘❡❣✐st♦ ▲✐s❜♦❛ ❖❝t ✷✼✱ ✷✵✵✾
❈❘P Pó✈♦❛ ❞❡ ❱❛r③✐♠ Pó✈♦❛ ❞❡ ❱❛r③✐♠ ◆♦✈ ✷✵✱ ✷✵✵✾
❈❘P ❇❡❧♠♦♥t❡ ❇❡❧♠♦♥t❡ ◆♦✈ ✷✵✱ ✷✵✵✾
❈❘P ◆❡❧❛s ◆❡❧❛s ◆♦✈ ✷✵✱ ✷✵✵✾
❈❘P ▼❛♥❣✉❛❧❞❡ ▼❛♥❣✉❛❧❞❡ ◆♦✈ ✷✵✱ ✷✵✵✾
❊s♣❛ç♦ ❘❡❣✐st♦s ❞♦ ❆r❡❡✐r♦ ▲✐s❜♦❛ ❉❡❝ ✷✱ ✷✵✵✾

◆♦t❡✿ ❈❋❊ ✐s ❈❡♥tr♦ ❞❡ ❋♦r♠❛❧✐❞❛❞❡s ❞❡ ❊♠♣r❡s❛s❀ ❈❘❈ ✐s ❈♦♥s❡r✈❛tór✐❛ ❞♦ ❘❡❣✐st♦
❈♦♠❡r❝✐❛❧❀ ❈❘P ✐s ❈♦♥s❡r✈❛tór✐❛ ❞♦ ❘❡❣✐st♦ P❡r❞✐❛❧❀ ❈❘❈P❈ ✐s ❈♦♥s❡r✈❛tór✐❛ ❞♦ ❘❡❣✐st♦
❈✐✈✐❧✱ Pr❡❞✐❛❧ ❡ ❈♦♠❡r❝✐❛❧❀ ❈❘P❈ ❈♦♥s❡r✈❛tór✐❛s ❞♦ ❘❡❣✐st♦ Pr❡❞✐❛❧ ❡ ❈♦♠❡r❝✐❛❧❀ ❈◆❈❊ ✐s
❈❛rtór✐♦ ❞❡ ❈♦♠♣❡tê♥❝✐❛ ❊s♣❡❝✐❛❧✐③❛❞❛❀ ❘◆P❈ ✐s ❘❡❣✐st♦ ◆❛❝✐♦♥❛❧ ❞❡ P❡ss♦❛s ❈♦❧❡❝t✐✈❛s✳
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❆✳✸ ❉❛t❛ ❛♥❞ ❈♦♥str✉❝t✐♦♥ ♦❢ ❱❛r✐❛❜❧❡s

❚❤❡ ❞❛t❛ ✐♥ t❤✐s ♣❛♣❡r ❝♦♠❡ ❢r♦♠ t❤❡ ♠❛t❝❤❡❞ ❡♠♣❧♦②❡r✲ ❡♠♣❧♦②❡❡ ❞❛t❛s❡t ✭◗✉❛❞r♦s ❞❡
P❡ss♦❛❧ ♦r ❙■❙❊❉ ✲ ❙✐st❡♠❛ ❞❡ ■♥❢♦r♠❛çã♦ ❞❡ ❙❛❧ár✐♦s✱ ❊♠♣r❡❣♦ ❡ ❉✉r❛çã♦ ❞♦ ❚r❛❜❛❧❤♦✮✱
✇❤✐❝❤ ✐s ❛ ♠❛♥❞❛t♦r② s✉r✈❡② s✉❜♠✐tt❡❞ ❛♥♥✉❛❧❧② ✐♥ ❖❝t♦❜❡r ❜② ❛❧❧ ✜r♠s ✇✐t❤ ❛t ❧❡❛st ♦♥❡
❡♠♣❧♦②❡❡✳ ❚❤✐s ❞❛t❛❜❛s❡ ❝♦❧❧❡❝ts ✐♥❢♦r♠❛t✐♦♥ ♦♥ ❛♥ ❛✈❡r❛❣❡ ♦❢ ✷✷✼✱✵✵✵ ✜r♠s ❛♥❞ t✇♦ ♠✐❧❧✐♦♥
✐♥❞✐✈✐❞✉❛❧s ♣❡r ②❡❛r✱ ❝♦✈❡r✐♥❣ ✈✐rt✉❛❧❧② ❛❧❧ ❡♠♣❧♦②❡❡s ❛♥❞ ✜r♠s ✐♥ t❤❡ P♦rt✉❣✉❡s❡ ♣r✐✈❛t❡
s❡❝t♦r✳

❚❤✐s ❞❛t❛❜❛s❡ ✐s ❣❡♥❡r❛❧❧② ❛✈❛✐❧❛❜❧❡ ❛♥♥✉❛❧❧② ❢r♦♠ ✶✾✽✷ ♦♥✇❛r❞✱ ❤♦✇❡✈❡r ✇❡ r❡str✐❝t ♦✉r
❛♥❛❧②s✐s t♦ t❤❡ ♣❡r✐♦❞ ❜❡t✇❡❡♥ ✷✵✵✵ ❛♥❞ ✷✵✵✽✳ ❉❛t❛ ❛r❡ ✉♥❛✈❛✐❧❛❜❧❡ ❢♦r t❤❡ ②❡❛r ✷✵✵✶✳

❚❤❡ ❞❛t❛❜❛s❡ ❝♦♥t❛✐♥s t❤r❡❡ r❡❧❛t❡❞ s❡ts ♦❢ r❡❝♦r❞s✿ ♦♥❡ ❛t t❤❡ ✜r♠ ❧❡✈❡❧✱ ♦t❤❡r ❛t t❤❡
❡st❛❜❧✐s❤♠❡♥t ❧❡✈❡❧ ❛♥❞ t❤❡ ❧❛st ♦♥❡ ❛t t❤❡ ❡♠♣❧♦②❡❡ ❧❡✈❡❧✳ ❊♠♣❧♦②❡❡s✱ ✜r♠s ❛♥❞ ❡st❛❜✲
❧✐s❤♠❡♥ts ❛r❡ ❝r♦ss r❡❢❡r❡♥❝❡❞ ❜② ❛ ✉♥✐q✉❡ ✐❞❡♥t✐✜❡r✳ ❊❛❝❤ ②❡❛r✱ ✜r♠s r❡♣♦rt t❤❡✐r ②❡❛r ♦❢
✐♥❝♦r♣♦r❛t✐♦♥✱ ❧♦❝❛t✐♦♥ ✭❝♦♥❝❡❧❤♦ ♦r ❝♦✉♥t② ✇❤❡r❡ t❤❡ ♠❛✐♥ ♦✣❝❡s ❛r❡ ❧♦❝❛t❡❞✮✱ ♠❛✐♥ ✐♥✲
❞✉str②✱ ♥✉♠❜❡r ♦❢ ❡♠♣❧♦②❡❡s✱ ♥✉♠❜❡r ♦❢ ❡st❛❜❧✐s❤♠❡♥ts✱ ✐♥✐t✐❛❧ ❝❛♣✐t❛❧✱ ♦✇♥❡rs❤✐♣ str✉❝t✉r❡
❛♥❞ s❛❧❡s✳ ❆t t❤❡ ❡st❛❜❧✐s❤♠❡♥t ❧❡✈❡❧✱ ✜r♠s r❡♣♦rt t❤❡ ♥✉♠❜❡r ♦❢ ❡♠♣❧♦②❡❡s✱ ❧♦❝❛t✐♦♥✱ ❛♥❞
♠❛✐♥ ✐♥❞✉str②✳ ❆t t❤❡ ✐♥❞✐✈✐❞✉❛❧ ❧❡✈❡❧✱ t❤❡ ❞❛t❛❜❛s❡ ❝♦♥t❛✐♥s ✐♥❢♦r♠❛t✐♦♥ ♦♥ ❣❡♥❞❡r✱ ❛❣❡✱
❞❛t❡ ♦❢ ❤✐r❡✱ ❡❞✉❝❛t✐♦♥✱ ♦❝❝✉♣❛t✐♦♥✱ ✇♦r❦✐♥❣ ❤♦✉rs✱ ❛♥❞ ❖❝t♦❜❡r✬s ❡❛r♥✐♥❣s✳ ❍♦✇❡✈❡r✱ t❤❡
❡♠♣❧♦②❡❡ r❡❝♦r❞s ✐♥❝❧✉❞❡ r❡❞✉♥❞❛♥t ❞❛t❛ ♦r ❞❛t❛ ✇✐t❤ ❢r❡q✉❡♥t ❝❤❛♥❣❡s ✐♥ ❣❡♥❞❡r ❛♥❞✴♦r
②❡❛r ♦❢ ❜✐rt❤ ❢♦r ✐♥❞✐✈✐❞✉❛❧ ❡♠♣❧♦②❡❡s✳ ❲❡ ❝♦♥s✐❞❡r t❤❡s❡ ♦❜s❡r✈❛t✐♦♥s t♦ ❜❡ ❡rr♦rs✱ ❝♦rr❡✲
s♣♦♥❞✐♥❣ t♦ ✐♥❞✐✈✐❞✉❛❧s ✇❤♦s❡ ✐❞❡♥t✐✜❝❛t✐♦♥ ♥✉♠❜❡r ✇❛s ♥♦t ✐♥s❡rt❡❞ ♦r ✇r♦♥❣❧② ✐❞❡♥t✐✜❡❞
❜② t❤❡ r❡s♣♦♥❞❡♥t✳ ❲❡ ❞r♦♣ ✐♥❞✐✈✐❞✉❛❧s ✇❤♦s❡ ❣❡♥❞❡r ❛♥❞ ②❡❛r ❜✐rt❤ ❝❤❛♥❣❡ ✐♥ ♠♦r❡ t❤❛♥
✼✵ ♣❡r❝❡♥t ♦❢ t❤❡ t♦t❛❧ ♥✉♠❜❡r ♦❢ ♦❜s❡r✈❛t✐♦♥s✳

❋r♦♠ t❤❡ ✜r♠ ❛♥❞ ❡♠♣❧♦②❡❡ ❞❛t❛❜❛s❡s✱ ✇❡ ❝♦♥str✉❝t t❤❡ ❢♦❧❧♦✇✐♥❣ ✈❛r✐❛❜❧❡s✿

❨❡❛r ♦❢ ❢♦✉♥❞❛t✐♦♥ ✐s ❝♦♠♣✉t❡❞ ❛s t❤❡ ♠✐♥✐♠✉♠ ♦❢ t❤❡ ②❡❛r ♦❢ ❝r❡❛t✐♦♥ r❡♣♦rt❡❞ ✐♥
t❤❡ ❞❛t❛❜❛s❡✱ t❤❡ ②❡❛r t❤❛t t❤❡ ✜r♠ ✜rst ❛♣♣❡❛r❡❞ ✐♥ t❤❡ ❞❛t❛❜❛s❡ ❛♥❞ t❤❡ ②❡❛r ♦❢ ❤✐r❡ ♦❢
t❤❡ ✜rst ❡♠♣❧♦②❡❡✳

▼♦♥t❤ ♦❢ ❢♦✉♥❞❛t✐♦♥ ✐s ❝♦♠♣✉t❡❞ ❛s t❤❡ ♠♦♥t❤ ♦❢ ❤✐r❡ ♦❢ t❤❡ ✜rst ❡♠♣❧♦②❡❡ ✇❤❡♥ t❤❡
②❡❛r ♦❢ ❤✐r❡ ❝♦✐♥❝✐❞❡s ✇✐t❤ t❤❡ ②❡❛r ♦❢ ❢♦✉♥❞❛t✐♦♥✳

❙✉r✈✐✈❛❧ S ✐s ❛♥ ✐♥❞✐❝❛t♦r ✈❛r✐❛❜❧❡ ❡q✉❛❧✐♥❣ ♦♥❡ ❢♦r st❛rt✲✉♣s t❤❛t s✉r✈✐✈❡❞ t❤❡✐r ✜rst
t✇♦ ②❡❛rs✳ ❋✐r♠s ❛r❡ ❝❧❛ss✐✜❡❞ ❛s ♥♦♥✲s✉r✈✐✈♦rs ✐❢ t❤❡② ❞♦ ♥♦t ❛♣♣❡❛r ✐♥ t❤❡ ❞❛t❛❜❛s❡ ✐♥
❢♦❧❧♦✇✐♥❣ ②❡❛rs✳ ■♥ ♦r❞❡r t♦ ❝♦♠♣✉t❡ t❤❡ s✉r✈✐✈❛❧ r❛t❡✱ ✇❡ ❡①❝❧✉❞❡ t❤❡ ❧❛st t✇♦ ②❡❛rs ♦❢ t❤❡
❞❛t❛❜❛s❡ ✭✷✵✵✼ ❛♥❞ ✷✵✵✽✮✳ ❋✐r♠s ❝❛♥ ❢❛✐❧ t♦ ❛♣♣❡❛r ✐♥ t❤❡ ❞❛t❛❜❛s❡✱ ❡✈❡♥ ✐❢ t❤❡② r❡♠❛✐♥
❣♦✐♥❣ ❝♦♥❝❡r♥s✳ ❋♦r ✐♥st❛♥❝❡✱ ❛ ✜r♠ ♠✐❣❤t ❢❛✐❧ t♦ s❡♥❞ t❤❡ s✉r✈❡② ✐♥ ❜② t❤❡ ❞✉❡ ❞❛t❡ ❢♦r t✇♦
❝♦♥s❡❝✉t✐✈❡ ②❡❛rs✳ ❯s✐♥❣ ❞❛t❛ ❢r♦♠ ♣r❡✈✐♦✉s ②❡❛rs✱ ❤♦✇❡✈❡r✱ ✇❡ ❡st✐♠❛t❡ t❤❛t t❤❡ ♣r♦❜❛❜✐❧✐t②
♦❢ s✉❝❤ ♥♦♥✲r❡s♣♦♥s❡ ♦❝❝✉rr✐♥❣ ✐♥ t✇♦ ❝♦♥s❡❝✉t✐✈❡ ②❡❛rs ✐s ❧❡ss t❤❛♥ ♦♥❡ ♣❡r❝❡♥t✳

❙✐③❡ Size ✐s t❤❡ st❛rt✲✉♣✬s ✐♥✐t✐❛❧ ♥✉♠❜❡r ♦❢ ❡♠♣❧♦②❡❡s✳ ❚❤✐s ♠❡❛s✉r❡ ✐s ❝♦♠♣✉t❡❞ ❛s
t❤❡ t♦t❛❧ ♥✉♠❜❡r ♦❢ ✐♥❞✐✈✐❞✉❛❧s ✐♥ t❤❡ ❡♠♣❧♦②❡❡ r❡❝♦r❞s ✐♥ t❤❡ ❢♦✉♥❞❛t✐♦♥ ②❡❛r✳

●❡♥❞❡r Gender ✐s ❛ ❞✉♠♠② ✈❛r✐❛❜❧❡ ❡q✉❛❧✐♥❣ ♦♥❡ ❢♦r ♠❡♥ ❛♥❞ ③❡r♦ ❢♦r ✇♦♠❡♥✳

❆❣❡ ✐s ❝♦❞❡❞ ✐♥ ②❡❛rs ✐♥ t❤❡ ❞❛t❛❜❛s❡✳ ❲❡ ❞❡✜♥❡ ❢♦✉r ❝❛t❡❣♦r✐❝❛❧ ✈❛r✐❛❜❧❡s✿ Age20−29 ✐s
❝♦❞❡❞ ♦♥❡ ❢♦r ✐♥❞✐✈✐❞✉❛❧s ✇✐t❤ ❛❣❡ ❜❡t✇❡❡♥ ✷✵ ❛♥❞ ✷✾❀ Age30−39 ✐s ❝♦❞❡❞ ♦♥❡ ❢♦r ✐♥❞✐✈✐❞✉❛❧s
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✇✐t❤ ❛❣❡ ❜❡t✇❡❡♥ ✸✵ ❛♥❞ ✸✾❀ Age40 − 49 ✐s ❝♦❞❡❞ ♦♥❡ ❢♦r ✐♥❞✐✈✐❞✉❛❧s ✇✐t❤ ❛❣❡ ❜❡t✇❡❡♥ ✹✵
❛♥❞ ✹✾❀ Age50− 60 ✐s ❝♦❞❡❞ ♦♥❡ ❢♦r ✐♥❞✐✈✐❞✉❛❧s ✇✐t❤ ❛❣❡ ❜❡t✇❡❡♥ ✺✵ ❛♥❞ ✻✵✳

❊❞✉❝❛t✐♦♥ ✐s ♠❡❛s✉r❡❞ ✇✐t❤ ❢♦✉r ❝❛t❡❣♦r✐❝❛❧ ✈❛r✐❛❜❧❡s✿ higheducation ✐s ❛ ❞✉♠♠② ✈❛r✐✲
❛❜❧❡ ❡q✉❛❧✐♥❣ ♦♥❡ ❢♦r ❢♦✉♥❞❡rs ✇✐t❤ ❜❛❝❤❡❧♦rs✱ ♠❛st❡rs ♦r ❞♦❝t♦r❛❧ ❞❡❣r❡❡s❀ mediumeducation
✐s ❛ ❞✉♠♠② ✈❛r✐❛❜❧❡ ❡q✉❛❧✐♥❣ ♦♥❡ ❢♦r ✐♥❞✐✈✐❞✉❛❧s r❡♣♦rt✐♥❣ ❛ ❤✐❣❤ s❝❤♦♦❧ ❞✐♣❧♦♠❛ ♦r ✈♦❝❛✲
t✐♦♥❛❧ s❝❤♦♦❧ ❞❡❣r❡❡❀ loweducation ✐s ❛ ❞✉♠♠② ✈❛r✐❛❜❧❡ ❡q✉❛❧✐♥❣ ♦♥❡ ❢♦r ✐♥❞✐✈✐❞✉❛❧s t❤❛t
❛tt❡♥❞❡❞ ❥✉♥✐♦r ❤✐❣❤ s❝❤♦♦❧❀ ❛♥❞ veryloweducation ✐s ❛ ❞✉♠♠② ✈❛r✐❛❜❧❡ ❡q✉❛❧✐♥❣ ♦♥❡ ❢♦r
✐♥❞✐✈✐❞✉❛❧s ✇❤♦ ♥❡✈❡r ❛tt❡♥❞❡❞ ♦r ❝♦♠♣❧❡t❡❞ t❤❡ ❡❧❡♠❡♥t❛r② s❝❤♦♦❧✳

■♥❞✉str② ❊①♣❡r✐❡♥❝❡ Ind ✐s ❝♦❞❡❞ ♦♥❡ ❢♦r ❡♥tr❡♣r❡♥❡✉rs ✇✐t❤ ❡①♣❡r✐❡♥❝❡ ✐♥ t❤❡ s❛♠❡
✐♥❞✉str② ✭❢♦✉r ❞✐❣✐t ❧❡✈❡❧✮ ❛s t❤❛t ♦❢ t❤❡ ✜r♠s t❤❡② ❢♦✉♥❞✳ ■♥❞✉str② ❝❧❛ss✐✜❝❛t✐♦♥ ❝❤❛♥❣❡❞
✐♥ ✶✾✾✹ ❛♥❞ ✷✵✵✼✱ ❛♥❞ t❤❡r❡ ✐s ♥♦ ✉♥❡q✉✐✈♦❝❛❧ r❡❧❛t✐♦♥ ❜❡t✇❡❡♥ t❤❡ ♦❧❞ ❛♥❞ ♥❡✇ ❝♦❞❡s✳ ❚♦
♠✐t✐❣❛t❡ ❡rr♦rs✱ ✇❡ ✉s❡ ❛❧❧ ✉♥✐q✉❡ r❡❧❛t✐♦♥s t♦ tr❛♥s❧❛t❡ ♦❧❞ t♦ ♥❡✇ ❝♦❞❡s ❛♥❞✱ ✈✐❝❡ ✈❡rs❛✳
❚❤❡♥✱ ✇❡ ❝♦♠♣✉t❡ t❤❡ ✈❛r✐❛❜❧❡ ✐♥❞✉str② ❡①♣❡r✐❡♥❝❡ ❢♦r t❤❡ ♥❡✇ ❛♥❞ ♦❧❞ ❝♦❞❡s ❛♥❞ ❛❣❣r❡❣❛t❡
❜♦t❤ r❡s✉❧ts✳ ❆❧t❡r♥❛t✐✈❡❧②✱ ✇❡ ❛❧s♦ ✉s❡ ❛♥ ❛❧❣♦r✐t❤♠✱ ✇❤✐❝❤ ✐s ❜❛s❡❞ ♦♥ ❤♦✇ t❤❡ ♠❛❥♦r✐t② ♦❢
✜r♠s ❝❤❛♥❣❡❞ ✐♥❞✉str② ❝♦❞❡s ❢r♦♠ ✶✾✾✹ t♦ ✶✾✾✺ t♦ tr❛♥s❧❛t❡ ♦❧❞ ✐♥t♦ ♥❡✇ ❝♦❞❡s✳ ❋♦r ✷✵✵✼✱
t❤✐s ♣r♦❜❧❡♠ ✐s ♠✐t✐❣❛t❡❞ ❜❡❝❛✉s❡ t❤❡ ❞❛t❛❜❛s❡ ♣r♦✈✐❞❡s ✐♥❢♦r♠❛t✐♦♥ ♦♥ t❤❡ ♥❡✇ ❛♥❞ ♦❧❞
✐♥❞✉str② ❝❧❛ss✐✜❝❛t✐♦♥✳

❋r♦♠ t❤❡ ♦♥❡✲st♦♣ s❤♦♣ ♦♣❡♥✐♥❣ ❞❛t❡s✱ ✇❡ ❝♦♥str✉❝t t❤❡ ❢♦❧❧♦✇✐♥❣ ✈❛r✐❛❜❧❡s✿

❖♥❡✲❙t♦♣ ❙❤♦♣ ENH ✭♠♦♥t❤✮ ✐s ❛ ❞✉♠♠② ✈❛r✐❛❜❧❡ ❡q✉❛❧✐♥❣ ♦♥❡ ❢♦r t❤❡ ♠♦♥t❤ ❛♥❞
❝♦✉♥t② ✐♥ ✇❤✐❝❤ t❤❡ ♦♥❡✲st♦♣ s❤♦♣ ♦♣❡♥❡❞✱ ❛♥❞ ❢♦r ❛❧❧ t❤❡ ❢♦❧❧♦✇✐♥❣ ♠♦♥t❤s✳ ❈♦✉♥t✐❡s ✇❤♦s❡
s❤♦♣s ♦♣❡♥ ✐♥ t❤❡ ✜rst ✶✺ ❞❛②s ♦❢ ❛ ♠♦♥t❤ ✇✐❧❧ s❡❡ t❤❡ ❡✛❡❝ts ♦❢ t❤❡ ♣r♦❣r❛♠ ✐♥ t❤❛t ♠♦♥t❤✳
■❢ t❤❡ s❤♦♣ ♦♣❡♥❡❞ ✐♥ t❤❡ ❧❛st ✶✺ ❞❛②s ♦❢ ❛ ♠♦♥t❤✱ t❤❡ ❡✛❡❝t ♦❢ ❞❡r❡❣✉❧❛t✐♦♥ ✇✐❧❧ ❜❡❣✐♥ ✐♥ t❤❡
❢♦❧❧♦✇✐♥❣ ♠♦♥t❤✳

❖♥❡✲❙t♦♣ ❙❤♦♣ ENH ✭②❡❛r✮ ✐s ❛ ❞✉♠♠② ✈❛r✐❛❜❧❡ ❡q✉❛❧✐♥❣ ♦♥❡ ❢♦r t❤❡ ②❡❛r ❛♥❞ ❝♦✉♥t②
✐♥ ✇❤✐❝❤ t❤❡ ♦♥❡✲st♦♣ s❤♦♣ ♦♣❡♥❡❞✱ ❛♥❞ ❢♦r ❛❧❧ t❤❡ ❢♦❧❧♦✇✐♥❣ ②❡❛rs✳ ❈♦✉♥t✐❡s ✇❤♦s❡ s❤♦♣s
♦♣❡♥ ✐♥ t❤❡ ✜rst s✐① ♠♦♥t❤s ♦❢ ❛ ②❡❛r ✇✐❧❧ s❡❡ t❤❡ ❡✛❡❝ts ♦❢ t❤❡ ♣r♦❣r❛♠ ♦♥ t❤❛t ②❡❛r✳ ■❢
t❤❡ s❤♦♣ ♦♣❡♥❡❞ ✐♥ t❤❡ ❧❛st s✐① ♠♦♥t❤s ♦❢ ❛ ②❡❛r✱ t❤❡ ❡✛❡❝t ♦❢ ❞❡r❡❣✉❧❛t✐♦♥ ✇✐❧❧ ❜❡❣✐♥ ✐♥ t❤❡
❢♦❧❧♦✇✐♥❣ ②❡❛r✳
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